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(54) Exposure control method, exposure control apparatus and image pickup apparatus

(57) There is provided a technique of acquiring a
width obtaining an appropriate exposure with minimum
restrictions, while accurately correcting flickering. An ex-
posure control method includes integrating a video signal
obtained by shooting a subject by means of a CMOS
imaging element as input video signal over not less than
a horizontal period, normalizing the integral value or the
difference value of the integral value between neighbor-

ing fields or frames, extracting the integral value or the
difference value after the normalization as flicker spec-
trum, determining, based on the extracted flicker spec-
trum, the presence or absence of a flicker component
contained in the video signal obtained by the imaging
element and controlling the exposure value, using a pro-
gram diagram for preferentially employing the shutter
speed less liable to produce flickering when it is deter-
mined that the video signal contains a flicker component.



EP 1 758 374 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS REFERENCES TO RELATED APPLICATIONS

�[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2005-246746
filed in the Japanese Patent Office on August 26, 2005,
the entire contents of which being incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0002] The present invention relates to an exposure
control method and an exposure control apparatus to be
used in an image pickup apparatus such as a video cam-
era or a digital still camera including an XY address scan-
ning type imaging element (imager, image sensor), which
may typically be a CMOS (complementary metal oxide
semiconductor) imaging element, under the lighting of a
fluorescent lamp and also an image pickup apparatus.

2. Description of the Related Art

�[0003] When an image of a subject is picked up by
means of a video camera in direct light from a fluorescent
lamp energized by a commercial AC power supply, tem-
poral fluctuations, or so-�called flicker, occur in the light-
ness of the video signal output as a result of the image
pickup operation due to the difference between the fre-
quency of luminance change of the fluorescent lamp
(change in the quantity of light), which corresponds to
twice the frequency of the commercial AC power supply,
and the vertical synchronizing frequency of the camera.
�[0004] For example, when an image of a subject is
picked up by a CCD camera of the NTSC system (with
the vertical synchronizing frequency of 60 Hz) under the
lighting of a non-�inverter type fluorescent lamp in a geo-
graphical area where the frequency of the commercially
supplied AC is 50 Hz, the exposure value of each pixel
changes every field as shown in FIG. 1 of the accompa-
nying drawings because of that a field period is 1/60 sec-
onds while the period of luminance change of the fluo-
rescent lamp is 1/100 seconds and hence the timing of
exposure of each field is shifted relative to the luminance
change of the fluorescent lamp.
�[0005] Thus, referring to FIG. 1, when the exposure
time is 1/60 seconds, periods a1, a2, a3 show different
exposure values even if the exposure time is same. When
the exposure time is shorter than 1/60 seconds (but not
equal to 1/100 seconds for the reason as will be described
hereinafter), periods b1, b2, b3 show different exposure
values even if the exposure time is same.
�[0006] The timing of exposure relative to the luminance
change of the fluorescent lamp returns to the original one
in every three fields and therefore the change of lightness
due to the flicker is cyclic and repetitive with a period of

three fields. In other words, the luminance ratio of each
field (how flickering appears) changes with the exposure
period but the period of flicker does not change.
�[0007] However, the change of lightness in every three
frames is repeated with progressive type cameras such
as digital cameras when the vertical synchronizing fre-
quency is 30 Hz.
�[0008] Additionally, a number of different phosphors
such as red, green and blue phosphors are normally used
in a fluorescent lamp in order to emit white light. However,
such different phosphors have respective afterglow char-
acteristics and they emit attenuating light with their re-
spective afterglow characteristics during the period from
a stop of electric discharge to the next start of electric
discharge that is found in a period of luminance change.
Therefore, light that is white at the beginning attenuates,
gradually changing the hue, in that period. Then, if the
timing of exposure is shifted as described above, there
arises not only a change of lightness but also a change
of hue. Additionally, since fluorescent lamps have a spe-
cific spectral characteristic that a remarkable peak is
found at a particular wavelength, the fluctuating compo-
nents of a signal change from color to color.
�[0009] Thus, a so-�called color flicker phenomenon oc-
curs due to such a hue change and the difference of the
fluctuating components from color to color.
�[0010] On the other hand, if the exposure time is de-
fined to be integer times of the period of luminance
change of the fluorescent lamp (1/100 seconds) as
shown in the lowermost part of FIG. 1, no flicker occurs
because a constant exposure value is realized regard-
less of the timing of exposure.
�[0011] Actually, there has been proposed a system
adapted to detect light being shed from a fluorescent
lamp by means of a user’s operation or a signal process-
ing operation of the camera and, if light from a fluorescent
lamp is detected, set the exposure time to integer times
of 1/100 seconds. With such a system, it is possible to
fully prevent flickering from taking place by means of a
simple technique.
�[0012] However, it is not possible to select a desired
exposure time with such a system so that the degree of
freedom of using an exposure adjusting unit of the cam-
era is limited when trying to achieve an appropriate ex-
posure.
�[0013] Thus, there is a demand for techniques of re-
ducing the flickering of light of a fluorescent lamp regard-
less of the selected shutter speed (exposure time).
�[0014] When an image pickup apparatus is so de-
signed that all the pixels are exposed to light at a same
timing for an image as in the case of a CCD image pickup
apparatus, such a technique can be realized relatively
easily because the luminance change and the color
change appear only among fields and not in each field.
�[0015] Referring again to FIG. 1, the flicker changes
cyclically and repetitively with a period of three fields if
the exposure time is not integer times of 1/100 seconds
so that it is possible to suppress the flicker to a level that
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practically does not give rise to any problem by predicting
the current change in the luminance and the colors from
the video signal of the field that precedes the current field
by three fields and adjusting the gain of the video signal
of each field according to the prediction in order to make
the average value of the video signals of respective fields.
�[0016] However, in the case of an XY address scan-
ning type imaging element, which may typically be a
CMOS imaging element, the timing of exposure of each
pixel is sequentially shifted from that of the preceding
pixel in the horizontal direction by a clock (pixel clock)
period and hence the timings of exposure of all the pixels
differ from each other. In other words, it is not possible
to satisfactorily suppress the flicker by means of the
above- �described technique.
�[0017] FIG. 2 schematically illustrates this problem.
While the timings of exposure of all the pixels differ from
each other in the horizontal direction as pointed out
above, one horizontal period is sufficiently shorter than
the period of luminance change of a fluorescent lamp.
Therefore, it is assumed here that the timings of exposure
of all the pixels on a horizontal line are same and FIG. 2
shows the timing of exposure of each of the lines ar-
ranged in the vertical direction. Such an assumption does
not produce any problem in practical applications.
�[0018] Referring to FIG. 2, in the case of an XY address
scanning type imaging element such as a CMOS imaging
element, the timing of exposure of each line differ from
that of any other line (F1 in FIG. 2 indicates the difference)
and hence the exposure value differ from line to line.
Then, a luminance change and a color change due to
the flicker take place not only among fields but also in
each field so that the obtained image shows stripes (that
run horizontally and repeat vertically).
�[0019] FIG. 3 illustrates the flicker in an image when
the subject is a uniform pattern.� Since the cycle period
(wavelength) of stripes is 1/100 seconds, a striped pat-
tern of 1.666 cycle periods is produced in the image. If
the number of lines read out per field is M, the number
of lines of the striped pattern read out per cycle period is
L = M * 60/100. Note that the asterisk (*) is used herein
as symbol of multiplication.
�[0020] As shown in FIG. 4, a striped pattern of five
periods (for five times of the wavelength) appears in three
consecutive fields (three images). If the fields are viewed
successively, the stripes will appear as if they were flow-
ing vertically.
�[0021] While FIGS. 3 and 4 illustrate only a lightness
change due to the flicker, the image quality will in reality
be remarkably degraded because a color change addi-
tionally takes place. Particularly, the color flicker phe-
nomenon becomes remarkable particularly as the shutter
speed rises and the influence of the phenomenon ap-
pears in the image picked up by an XY address scanning
type imaging element to further degrade the image qual-
ity.
�[0022] If the exposure time can be set to integer times
of the cycle period (1/100 seconds) of the luminance

change of the fluorescent lamp for an XY address scan-
ning type imaging element, the exposure value is held to
a constant level so that no flickering of fluorescent lamp,
including flickering in the image, takes place regardless
of the timing of exposure.
�[0023] However, if the electronic shutter speed is made
variable for a CMOS imaging element, the image pickup
apparatus including the CMOS imaging element will be-
come structurally complex. Additionally, if it is not possi-
ble to set the exposure time equal to integer times of
1/100 seconds for the purpose of preventing flicking from
taking place in an image pickup apparatus having a high
degree of freedom for operating an electronic shutter,
the degree of freedom of operation of the exposure value
adjusting unit for obtaining an appropriate exposure is
inevitably reduced.
�[0024] Thus, there have been proposed techniques of
reducing the flickering of fluorescent lamp that is specific
to XY address scanning type imaging elements such as
CMOS imaging elements.
�[0025] Patent Document 1 (Jpn. Pat. Appln. Laid-�Open
Publication No. 2000-350102) and Patent Document 2
(Jpn. Pat. Appln. Laid-�Open Publication No.
2000-23040) describe methods of estimating the flicker
component by metering the quantity of light of a fluores-
cent lamp by means of a light receiving element or a light
metering element and controlling the gain of the video
signal from an imaging element according to the result
of the estimation.
�[0026] Patent Document 3 (Jpn. Pat. Appln. Laid-�Open
Publication No. 2001-16508) described a method of pick-
ing up two images of different types by means of an im-
aging element under two different conditions, including
a first conditions of a first electronic shutter value suitable
for the current external lighting condition and a second
condition of a second electronic shutter value having a
predetermined relationship with the flickering cycle peri-
od of a fluorescent lamp, estimating the flicker compo-
nent by comparing the signals of the two images and
controlling the gain of the video signal from the imaging
element according to the result of the estimation.
�[0027] Patent Document 4 (Jpn. Pat. Appln. Laid-�Open
Publication No. 11-164192) describes a method of stor-
ing information on how the lightness changes under the
lighting of a fluorescent lamp in a memory in advance as
a correction coefficient, while detecting the phase of the
flicker component from the video signal obtained from an
imaging element by utilizing the difference of frequency
between the video signal component and the flicker com-
ponent, and correcting the video signal by means of the
correction coefficient stored in the memory according to
the result of the detection.
�[0028] Patent Document 5 (Jpn. Pat. Appln. Laid-�Open
Publication No. 2000-165752) describes a method of
computationally determining a correction coefficient from
two video signals obtained by two exposures carried out
with a time difference for inverting the phase of flickering
exactly by 180° and correcting the video signal from an
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imaging element by means of the computationally deter-
mined correction coefficient.
�[0029] However, the methods of estimating the flicker
component by metering the quantity of light of a fluores-
cent lamp by means of a light receiving element or a light
metering element as described in the Patent Documents
1 and 2 increase the size and the cost of the system of
the image pickup apparatus because a light receiving
element or a light metering element has to be added to
the image pickup apparatus.
�[0030] The method of picking up two images of differ-
ent types under two different shutter conditions and es-
timating the flicker component as described in the Patent
Document 3 is also accompanied by a drawback of mak-
ing the system of the image pickup apparatus a complex
one. Additionally, this method is accompanied by an ad-
ditional drawback of not suitable for picking up moving
images.
�[0031] The method of using the prepared coefficient
that is stored in a memory as correction signal as de-
scribed in the Patent Document 4 is accompanied by a
drawback that it is not possible to reliably detect and re-
duce the flicker component depending on the types of
fluorescent lamp because it is not possible to prepare
correction coefficients for all the types of fluorescent
lamp. Additionally, with the method of the Patent Docu-
ment 4 of extracting the flicker component from the video
signal, utilizing the difference of frequency between the
video signal component and the flicker component, it is
difficult to detect the flicker component, discriminating it
from the video signal component in the black background
part and the low illuminance part of an image where the
flicker component is very small, and the performance of
detecting the flicker component is degraded remarkably
when one or more than one moving objects exist in the
image.
�[0032] Finally, the method of picking up images of two
different types at different timings to estimate the flicker
component as described in the Patent Document 5
makes the system of the image pickup apparatus com-
plex and is not suited for picking up moving images as
in the case of the method of the Patent Document 3.
�[0033] As described in Patent Document 6 (Jpn. Pat.
Appln. Laid-�Open Publication No. 2004-222228), the ap-
plicant of the present patent application proposed a meth-
od of highly accurately detecting the flicker of a fluores-
cent lamp that is observed specifically by XY address
scanning type imaging elements such as CMOS imaging
elements by means of a simple signal processing oper-
ation without using a light receiving element regardless
of the subject, the video signal level and the type of flu-
orescent lamp to reliably and satisfactorily reduce the
flicker.
�[0034] With the flicker reducing method of the above
cited document, the signal components other than the
flicker component is removed with normalized integral
value or normalized difference value so that, regardless
of the subject, it is possible to obtain a signal with which

the flicker component can be highly accurately estimated
even in the black background part and the low illuminance
part of an image where the flicker component is very
small. Then, it is possible to highly accurately estimate
the flicker component, regardless of the type and the
waveform showing a luminance change of the fluores-
cent lamp, by extracting the spectrum up to an appropri-
ate degree of the normalized integral value or normalized
difference value. Thus, it is possible to reliably and sat-
isfactorily reduce the flicker component from the input
video signal by computationally operating the estimated
flicker component and the input video signal.

SUMMARY OF THE INVENTION

�[0035] Meanwhile, the flicker of a fluorescent lamp in
the form of horizontal stripes that arises in XY address
scanning type image pickup apparatus shows different
characteristics depending on the relation between the
frequency of the supplied power and the field or frame
frequency of the broadcasting system. For example, it
will be found by comparing the characteristics of the
stripes that appear in the image that the stripes vary from
image to image in terms of frequency, wavelength, wave-
form and amplitude. It will also be found by comparing a
plurality of images among fields that the cyclicity of stripes
also varies. FIGS. 5A through 5D illustrate how the cy-
clicity of stripes varies. When an image pickup operation
is conducted by means of the NTSC system under the
lighting of a fluorescent lamp in a geographical area
where the frequency of the commercially supplied AC is
50 Hz, the flicker stripes show a cyclicity of three fields
as shown in FIG. 5A because the imaging cycle period
and the power supply cycle period regain the original
phase relationship in every three field. Then, when the
picked up image is viewed continuously, horizontal
stripes appear as if they were flowing vertically. A similar
phenomenon appears when an image pickup operation
is conducted by means of the PAL system under the light-
ing of a fluorescent lamp in a geographical area where
the frequency of the commercially supplied AC is 60 Hz.
In this case, flicker stripes appear as if they were flowing
vertically with a cyclicity of five fields as shown in FIG.
5B. The technique proposed in the Patent Document 6
(Jpn. Pat. Appln. Laid-�Open Publication No.
2004-222228) separates the image component and the
flicker component by utilizing the cyclicity of flicker stripes
that appear among fields and extracts the flicker compo-
nent from the frequency spectrum thereof to correct the
gain by using the extracted flicker component. This tech-
nique is very effective for the problem of flickering of flu-
orescent lamp that shows such "inter-�field cyclicity".
�[0036] On the other hand, no flicker stripe appears
when an image pickup operation is conducted by means
of the NTSC system under the lighting of a fluorescent
lamp in a geographical area where the frequency of the
commercially supplied AC is 60 Hz or by means of the
PAL system under the lighting of a fluorescent lamp in a
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geographical area where the frequency of the commer-
cially supplied AC is 50 Hz. Horizontal stripes of flicker
appear by the same token when the shutter is operated
at high speed with either of the above listed combinations
of the broadcasting system and the power supply fre-
quency. However, with either of the above listed combi-
nations, the relative relationship between the imaging cy-
cle period and the power supply cycle period is conclusive
within a single field as shown in FIGS. 5C and 5D so that,
when the picked up image is viewed continuously, hori-
zontal stripes do not appear as if they were flowing ver-
tically. In other words, flicker stripes that arise with either
of the above listed combinations differ remarkably from
flicker strips that arise with the combinations described
in the preceding paragraph because they constantly ap-
pear at the same positions. Thus, with the algorithm of
the technique described in the Patent Document 6 (Jpn.
Pat. Appln. Laid-�Open Publication No. 2004-222228)
that utilizes the "inter- �field cyclicity", it is no longer pos-
sible to discriminate flickers from the subject with either
of the combinations. Then, it is no longer possible to re-
move or alleviate flickers with that technique. Many flicker
correcting techniques that have hitherto been proposed
utilize the "inter-�field cyclicity" but are accompanied by
the same problem that their algorithms are reduced to-
tally ineffective with those combinations.
�[0037] This problem can be avoided by tactfully select-
ing the shutter speed. No flicker stripes appear when n/
100 seconds (where n is a natural number) in the case
of FIG. 5A or 5C or n/�120 seconds in the case of FIG. 5B
or 5D is selected for the shutter speed regardless of the
timing of exposure. The relationships between the shutter
speed and the frequency of the supplied power are sum-
marily listed in FIG. 6.
�[0038] However, the above- �described arrangement
reduces the degree of freedom of the exposure adjusting
unit for realizing an appropriate exposure because the
shutter speed is fixed to n/�100 seconds or n/ �120 seconds.
It will not be allowed to discard the freedom of exposure
adjustment simply to avoid the flicker problem. There
arises an additional problem that some unit is necessary
to estimate the frequency of the supplied power. For ex-
ample, the frequency of the supplied power may be de-
termined from the relationship between the cycle period
of flicker stripes and the frame rate. However, when the
flicker stripes do not move, it is not possible to determine
if the stripes appearing in the video signal are produced
by flickering or belong to the subject. While this problem
can be avoided by using an external sensor, the use of
such a sensor is accompanied by a problem of cost and
size. Additionally, since the "inter-�field cyclicity" is deter-
mined according to information coming from the image
pickup apparatus, a problem of post-�detection can arise
when information on the angle of view changes due to
framing or some other reason. Then, the most reliable
technique for avoiding flicker stripes may be that of fixing
the shutter speed to n/�100 seconds or n/ �120 seconds
rather than the technique of the Patent Document 6 (Jpn.

Pat. Appln. Laid-�Open Publication No. 2004-222228).
�[0039] In view of the above-�identified circumstances,
it is desirable to provide a technique of acquiring a broad
range of an appropriate exposure, while accurately cor-
recting flickering, regardless of the combinations of the
broadcasting systems (NTSC/PAL) and the geographical
areas (the power supply frequency of 50 Hz/ �60 Hz), by
adding appropriate restrictions to shuttering of the tech-
nique of the Patent Document 6 (Jpn. Pat. Appln. Laid-
Open Publication No. 2004-222228).
�[0040] Other purposes and specific advantages of the
present invention will become more apparent from the
description of preferred embodiments that is given here-
inafter.
�[0041] According to an embodiment of the present in-
vention, there is provided an exposure control method of
an image pickup apparatus having an XY address scan-
ning type imaging element, the method including the
steps of: integrating a video signal obtained by shooting
a subject by means of the imaging element as input video
signal over not less than a horizontal period, normalizing
an integral value obtained in the integrating step or the
difference value between integral values of adjacent
fields or frames, extracting flicker spectrum from the nor-
malized integral value or the normalized difference value,
and determining , based on the extracted flicker spec-
trum, the presence or absence of a flicker component
contained in the video signal obtained by the imaging
element; and controlling an exposure value, using a pro-
gram diagram for preferentially employing a shutter
speed less liable to produce flickering when it is deter-
mined that the video signal contains a flicker component.
�[0042] According to an embodiment of the present in-
vention, there is also provided an exposure control ap-
paratus of an image pickup apparatus having an XY ad-
dress scanning type imaging element, the apparatus in-
cluding: a flicker determining means for integrating a vid-
eo signal obtained by shooting a subject by means of the
imaging element as input video signal over not less than
a horizontal period, normalizing an integral value ob-
tained by integrating the video or the difference value
between integral values of adjacent fields or frames, ex-
tracting flicker spectrum from the normalized integral val-
ue or the normalized difference value, and determining ,
based on the extracted flicker spectrum, the presence or
absence of a flicker component contained in the video
signal obtained by the imaging element; and an exposure
value controlling means for controlling an exposure val-
ue, using a program diagram for preferentially employing
a shutter speed less liable to produce flickering when it
is determined by the flicker determining means that the
video signal contains a flicker component.
�[0043] According to an embodiment of the present in-
vention, there is also provided an image pickup appara-
tus including: an XY address scanning type imaging el-
ement; a flicker determining means for integrating a video
signal obtained by shooting a subject by means of the
imaging element as input video signal over not less than
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a horizontal period, normalizing an integral value ob-
tained by integrating the video or the difference value
between integral values of adjacent fields or frames, ex-
tracting flicker spectrum from the normalized integral val-
ue or the normalized difference value, and determining,
based on the extracted flicker spectrum, the presence or
absence of a flicker component contained in the video
signal obtained by the imaging element from the extract-
ed flicker spectrum; and an exposure value controlling
means for controlling an exposure value, using a program
diagram for preferentially employing a shutter speed less
liable to produce flickering when it is determined by the
flicker determining means that the video signal contains
a flicker component.
�[0044] Thus, according to the present invention, it is
possible to control the exposure value in a state that hard-
ly produce any flicker by integrating a video signal ob-
tained by shooting a subject by means of an XY address
scanning type imaging element as input video signal over
not less than a horizontal period, normalizing an integral
value obtained in the integrating step or the difference
value between integral values of adjacent fields or
frames, extracting flicker spectrum from the normalized
integral value or the normalized difference value, deter-
mining, based on the extracted flicker spectrum, the pres-
ence or absence of a flicker component contained in the
video signal obtained by the imaging element and con-
trolling a exposure value, using a program diagram for
preferentially employing a shutter speed less liable to
produce flickering when it is determined that the video
signal contains a flicker component.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0045]

FIG. 1 is a schematic illustration of the flicker of a
fluorescent lamp that can appear when a CCD im-
aging element is used to pick up an image;
FIG. 2 is a schematic illustration of the flicker of a
fluorescent lamp that can appear when an XY ad-
dress scanning type imaging element is used to pick
up an image;
FIG. 3 is a schematic illustration of the pattern of
stripes that can appears in an image picked up by
an XY address scanning type imaging element;
FIG. 4 is a schematic illustration of the pattern of
stripes that can appear in three consecutive images
picked up by an XY address scanning type imaging
element;
FIG. 5 is a schematic illustration of the difference of
"inter-�field cyclicity" of the flicker of a fluorescent
lamp among a plurality of images;
FIG. 6 is a schematic illustration of the relationship
of "inter-�field cyclicity" of the flicker of a fluorescent
lamp among a plurality of images;
FIG. 7 is a schematic block diagram of an image
pickup apparatus according to an embodiment of the

present invention, showing the system configuration
thereof;
FIG. 8 is a schematic block diagram of an exemplary
digital signal processing section of a primary color
system;
FIG. 9 is a schematic block diagram of an exemplary
digital signal processing section of a complementary
color system;
FIG. 10 is a schematic block diagram of a first ex-
emplary flicker reducing section;
FIG. 11 is a schematic block diagram of an exem-
plary arithmetic block when a saturated region is tak-
en into consideration;
FIG. 12 is a schematic block diagram of a second
exemplary flicker reducing section;
FIG. 13 is a schematic block diagram of a third ex-
emplary flicker reducing section;
FIG. 14 is a schematic block diagram of an exem-
plary flicker reducing section when lighting by a non-
fluorescent lamp is taken into consideration;
FIG. 15 is a schematic block diagram of another ex-
emplary flicker reducing section when lighting by a
non-�fluorescent lamp is taken into consideration;
FIG. 16 is a schematic block diagram of an exem-
plary image pickup apparatus that can be realized
when a situation where the subject is changed to a
large extent by an operation or an action of the per-
son shooting the subject by means of the apparatus;
FIG. 17 is a schematic block diagram of an exem-
plary image pickup apparatus that can be realized
when an occasion where a flicker reducing process
is not necessary due to the imaging situation is taken
into consideration;
FIG. 18 is a schematic block diagram of another ex-
emplary image pickup apparatus that can be realized
when an occasion where a flicker reducing process
is not necessary due to the imaging situation is taken
into consideration;
FIG. 19 is a schematic block diagram of an exem-
plary flicker reducing section when adjusting the es-
timated flicker component, illustrating the basic con-
figuration thereof;
FIG. 20 is a schematic block diagram of a first ex-
emplary system controller when adjusting the esti-
mated flicker component;
FIG. 21 is a schematic block diagram of a second
exemplary system controller when adjusting the es-
timated flicker component;
FIG. 22 is a chart to be used for explaining the above
examples of FIGS. 20 and 21;
FIG. 23 is a table of formulas to be used for explaining
the above examples;
FIG. 24 is another table of formulas to be used for
explaining the above examples;
FIG. 25 is still another table of formulas to be used
for explaining the above examples;
FIG. 26 is still another table of formulas to be used
for explaining the above examples;
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FIG. 27 is still another table of formulas to be used
for explaining the above examples;
FIG. 28 is a chart to be used for explaining the ex-
amples of FIGS. 14 and 15;
FIG. 29 is a schematic illustration of a subject used
for a test;
FIG. 30 is graph of the integral value for the subject
of FIG. 29;
FIG. 31 is a graph of the difference value for the
subject of FIG. 29;
FIG. 32 is a graph of the difference value after nor-
malization for the subject of FIG. 29;
FIG. 33 is a graph of the estimated flicker coefficient
for the subject of FIG. 29;
FIG. 34 is a flowchart of the control process to be
executed by the system controller;
FIG. 35 is a flowchart of the process of determining
the presence or absence of a flicker component to
be executed by the system controller;
FIG. 36 is a schematic illustration of the difference
of flicker phase among frames for different shutter
speeds; and
FIGS. 37A and 37B are a program diagram for using
n/�100 seconds with priority and a program diagram
for using n/�120 seconds with priority.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

�[0046] Now, an embodiment of the present invention
will be described in greater detail by referring to the ac-
companying drawings. It will be appreciated that the
present invention is by no means limited to the embodi-
ment that follow, which may be modified in various dif-
ferent ways without departing from the spirit and scope
of the invention.
�[0047] FIG. 7 is a schematic block diagram of a video
camera 100 realized by applying the embodiment of the
present invention, illustrating the configuration thereof.
�[0048] In other words, FIG. 7 is a schematic block di-
agram of an image pickup apparatus according to the
embodiment of the present invention, showing the sys-
tem configuration thereof, which is a video camera 100
using a CMOS imaging element 12 as XY address scan-
ning type imaging element.
�[0049] With the video camera 100, light from a subject
enters the CMOS imaging element 12 by way of an im-
aging optical system 11 and is subjected to photoelectric
conversion in the CMOS imaging element 12 so that an-
alog video signals are obtained from the CMOS imaging
element 12.
�[0050] The CMOS imaging element 12 is formed by
arranging a plurality of pixels including photodiodes (pho-
togates), transfer gates (shutter transistors), switching
transistors (address transistors), amplifier transistors
and reset transistors (reset gates) two-�dimensionally on
a CMOS substrate along with a vertical scanning circuit,
a horizontal scanning circuit and a video signal output

circuit.
�[0051] As will be described in greater detail hereinafter,
the CMOS imaging element 12 may be of the primary
color system or the complementary color system and the
analog video signals obtained from the CMOS imaging
element 12 may be primary color signals of RGB or color
signals of the complementary color system.
�[0052] The analog video signals from the CMOS im-
aging element 12 are subjected to a sample hold process
for each color by analog signal processing section 13
that is realized as an IC (integrated circuit) and controlled
for gain by AGC (automatic gain control) before being
converted into digital signals by A/D conversion.
�[0053] The digital video signals from the analog signal
processing section 13 are processed by digital signal
processing section 20 that is realized as an IC as will be
described in greater detail hereinafter and the flicker
component of each signal is reduced by flicker reducing
section 25 in the digital signal processing section 20 be-
fore they are ultimately converted into luminance signals
Y and color difference signals R-�Y, B-�Y and output from
the digital signal processing section 20.
�[0054] The system controller 14 is typically realized as
a microcomputer so as to control the components of the
camera.
�[0055] More specifically, a lens drive control signal is
supplied from the system controller 14 to lens driver 15
that is realized as IC and the lenses of the imaging optical
system 11 are driven by the lens driver 15.
�[0056] Similarly, a timing control signal is supplied from
the system controller 14 to a timing generator 16 and
various timing signals are supplied from the timing gen-
erator 16 to the CMOS imaging element 12 to drive the
CMOS imaging element 12.
�[0057] Additionally, detection signals of various signal
components are taken into the system controller 14 from
the digital signal processing section 20 so that color sig-
nals of different colors are controlled for gain by the an-
alog signal processing section 13 according to the AGC
signal from the system controller 14 as described above
and the signal processing operation of the digital signal
processing section 20 is also controlled by the system
controller 14.
�[0058] A camera shake sensor 17 is connected to the
system controller 14 so that, when the subject is changed
to a large extent by an action of the person shooting the
subject, such a large change is detected by the system
controller 14 according to the output for the camera shake
sensor 17 so that the flicker reducing section 25 is con-
trolled accordingly.
�[0059] Additionally, the system controller 14 is con-
nected to an operation section 18a and a display section
18b that operate as user interface 18 by way of an inter-
face 19 that is typically realized as a microcomputer so
that the setting operations and the selecting operations
at the operation section 18a are detected by the system
controller 14 and the setting status and the control status
of the camera are displayed on the display section 18b
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by the system controller 14.
�[0060] Thus, when the subject is changed to a large
extent in a short period of time as the person shooting
the subject operates the camera for zooming or the like,
such a large change is detected by the system controller
14 and the flicker reducing section 25 is controlled ac-
cordingly as will be described in greater detail hereinafter.
�[0061] As will be described in greater detail hereinafter,
when no flicker reducing process is necessary, the situ-
ation that a flicker reducing process is not necessary is
detected by the system controller 14 and the flicker re-
ducing section 25 is controlled accordingly as will be de-
scribed in greater detail hereinafter.
�[0062] FIG. 8 is a schematic block diagram of an ex-
emplary digital signal processing section 20 of a primary
color system.
�[0063] The primary color system includes a resolving
optical system by means of which the imaging optical
system 11 of FIG. 7 divides light from the subject into
color lights of RGB and separates them. It may be a three-
plate system having CMOS imaging elements of RGB,
which are referred to collectively as CMOS imaging ele-
ment 12, or a single-�plate system having a CMOS imag-
ing element where color filters of RGB are arranged on
respective horizontal pixels of the light receiving surface
sequentially and repeatedly, which is also referred to as
CMOS imaging element 12. Then, primary color signals
for RGB are read out in parallel from the CMOS imaging
element 12.
�[0064] In the case of the digital signal processing sec-
tion 20 of FIG. 8, the black level of the input RGB primary
color signals is clamped to a predetermined level by a
clamp circuit 21 and, after the clamping process, the RGB
primary color signals are adjusted for gain according to
the exposure value by a gain adjusting circuit 22. Then,
after the gain adjusting process, the flicker components
of the RGB primary color signals are reduced by the flick-
er reducing sections 25R, 25G, 25B by means of a meth-
od according to the embodiment of the present invention.
�[0065] Additionally, in the digital signal processing sec-
tion 20 of FIG. 8, after the flicker reducing process, the
white balance of the RGB primary color signals is adjust-
ed by a white balance adjusting circuit 27 and, after the
white balance adjusting process, the tone of the RGB
primary color signals is converted by the gamma correc-
tion circuit 28. Then, after the gamma correction process,
a luminance signal Y and color difference signals R-�Y,
B-�Y to be output are produced from the RGB primary
color signals by a synthetic matrix circuit 29.
�[0066] With the primary color system, since a lumi-
nance signal Y is generated after the completion of all
the processes for processing RGB primary color signals
as illustrated in FIG. 8, it is possible to reduce the flicker
component of the primary color components and the lu-
minance component by reducing the flicker component
in the RGB primary color signals in the processes for
processing the RGB primary color signals as shown in
FIG. 8.

�[0067] While the flicker reducing sections 25R, 25G,
25B are preferably arranged in a manner as illustrated
in FIG. 8, the arrangement of the flicker reducing sections
is not necessarily limited to the illustrated one.
�[0068] FIG. 9 is a schematic block diagram of an ex-
emplary digital signal processing section 20 of a comple-
mentary color system.
�[0069] The complementary color system is a single-
plate system having a CMOS imaging element where
monochromatic filters of the complementary color sys-
tem are arranged on the light receiving surface, which is
also referred to as CMOS imaging element 12 of FIG. 7.
As shown in FIG. 9 as a color filter 1, a green color filter
section 1 G and a magenta color filter sections 1Mg are
sequentially and repeatedly arranged on each pixel on
every other horizontal line Lo of the light receiving sur-
face, while a cyan color filter section 1Cy and a yellow
color filter section 1Ye are sequentially and repeatedly
arranged on each pixel on every other horizontal line Le
of in the light receiving surface.
�[0070] Then, the video signals of two adjacently locat-
ed horizontal lines are synthetically combined and read
out from the CMOS imaging element 12 of FIG. 7. There-
fore, a synthetic signal of a green color signal and a cyan
color signal and a synthetic signal of a magenta color
signal and a yellow color signal are alternately obtained
for every pixel clock by the arrangement of FIG. 9.
�[0071] In the case of the digital signal processing sec-
tion 20 of FIG. 9, the black level of the complementary
color signals is clamped to a predetermined level by the
clamp circuit 21 and, after the clamping process, the com-
plementary color signals are adjusted for gain according
to the exposure value by the gain adjusting circuit 22.
Then, after the gain adjusting process, a luminance sig-
nal Y is produced form the complementary color signals
by a luminance synthesis circuit 23 and an RGB primary
color signals are produced from the complementary color
signals by the primary color separation circuit 24.
�[0072] In the case of the digital signal processing sec-
tion 20 of FIG. 9, the flicker component in the luminance
signal Y from the luminance synthesis circuit 23 is re-
duced by means of a method according to the embodi-
ment of the present invention, while the flicker compo-
nents in the RGB primary color signals from the primary
color separation circuit 24 are reduced by the flicker re-
ducing sections 25R, 25G, 25B by means of a method
according to the embodiment of the present invention.
�[0073] Additionally, in the digital signal processing sec-
tion 20 of FIG. 9, after the flicker reducing process, the
tone of the luminance signal is adjusted by the gamma
correction circuit 26 to obtain a luminance signal Y to be
output, and after the flicker reducing process, the white
balance of the RGB primary color signals is adjusted by
the white balance adjusting circuit 27. Then, after the
white balance adjusting process, the tone of the RGB
primary color signal is converted by the gamma correc-
tion circuit 28 and, after the gamma correction process,
color difference signals R-�Y, B-�Y to be output are pro-
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duced from the RGB primary color signals by a synthetic
matrix circuit 29.
�[0074] With the complementary color system, the lu-
minance signal and the RGB primary color signals are
produced at a relatively upstream position in the digital
signal processing section 20 as shown in FIG. 9. This is
because a luminance signal can be produced easily from
synthetic signals by means of a simple addition process
and the S/N of the luminance signal is degraded if RGB
primary color signals are produced from synthetic signals
by means of a subtraction process and then a luminance
signal is produced form the RGB primary color signals.
�[0075] However, when different processing systems
are used for luminance signals and color signals, it is not
sufficient to reduce the flicker component of the lumi-
nance component simply by reducing the flicker compo-
nent of each color component. In other words, it is pos-
sible to satisfactorily reduce the flicker component of
each color component and the flicker component of the
luminance component only by reducing the flicker com-
ponent of the luminance component separately and in-
dependently as shown in FIG. 9.
�[0076] While the flicker reducing sections 25Y and
25R, 25G, 25B are preferably arranged in a manner as
illustrated in FIG. 9, the arrangement of the flicker reduc-
ing sections is not necessarily limited to the illustrated
one.
�[0077] Each of the flicker reducing sections 25R, 25G,
25B of FIG. 8 and the flicker reducing sections 25Y, 25R,
25G, 25B of FIG. 9 have a configuration as described
below. In the following description, any of the flicker re-
ducing sections 25Y, 25R, 25G, 25B is generically re-
ferred to as flicker reducing section 25 without discrimi-
nation.
�[0078] In the following description, an input video sig-
nal is any of the RGB primary color signals and the lumi-
nance signal input to a flicker reducing section 25 before
being subjected to a flicker reducing process and an out-
put video signal is any of the RGB primary color signals
and the luminance signal output from a flicker reducing
section 25 after being subjected to a flicker reducing proc-
ess.
�[0079] In the following description, it is assumed that
a subject is shot by a CMOS camera of the NTSC system
(with a vertical synchronizing frequency of 60 Hz) under
the lighting of a fluorescent lamp and hence, if the flicker
of the fluorescent lamp is not reduced, a luminance
change and a color change arise not only among fields
but also in each field due to the flicker as shown in FIGS.
2 to 4 so that, in image plane, a pattern of stripes appear
for five cycle periods (five times of the wavelength) in
three fields (three times of the image planes).
�[0080] Flickering occurs not only when the fluorescent
lamp is of the non-�inverter type but also when the fluo-
rescent lamp is of the inverter type and the electric current
is not rectified satisfactorily. Therefore, the flicker prob-
lem is not limited to fluorescent lamps of the non- �inverter
type.

�[0081] FIG. 10 is a schematic block diagram of a first
exemplary flicker reducing section 25.
�[0082] While FIGS. 3 and 4 illustrate the influence of
flicker when the subject is a uniform one, the flicker com-
ponent is generally proportional to the signal intensity of
the subject.
�[0083] Thus, if the input video signal (a luminance sig-
nal or an RGB primary color signal before being subjected
to a flicker reducing process) of a subject at an arbitrarily
selected pixel (x, y) in an arbitrarily selected field n is In’
(x, y), In’ (x, y) is the sum of the signal component that
does not contain the flicker component and the flicker
component that is proportional to the signal component
as expressed by the formula (1) in FIG. 23.
�[0084] In FIG. 23, In (x, y) is the signal component and
Γn (y) * In (x, y) is the flicker component, where Γn (y) is
the flicker coefficient. A horizontal period is so short rel-
ative to the light emitting period (1/100 seconds) of the
fluorescent lamp that it is possible to assume that the
flicker coefficient is constant for a same line in a same
field. Therefore, the flicker coefficient is expressed by Γn
(y).
�[0085] To generalize Γn (y), it will be developed into a
Fourier series as indicated by (2) in FIG. 23. Then, it is
possible to express a flicker coefficient in a form of com-
prehensively including different light emission character-
istics and afterglow characteristics that vary as a function
of the type of fluorescent lamp.
�[0086] Referring to the formula (2), λo is the wave-
length of the in-�image flicker as shown in FIG. 3. If the
number of lines read out per field is M, it corresponds to
L (= M * 60/100) lines. In the formula (2), ωo is the stand-
ardized angular frequency that is normalized by λo.
�[0087] In the formula (2), γm is the amplitude of the
flicker component of each degree (m = 1, 2, 3, ...) and
Φmn indicates the initial phase of the flicker component
of each degree that is determined as a function of the
light emission period (1/100 seconds) of the fluorescent
lamp and the exposure timing. Note, however, that Φmn
takes a same value in every three fields and hence the
difference of Φmn between a field and an immediately
preceding field is expressed by formula (3) in FIG. 23.
�[0088] In the instance of FIG. 10, firstly the input video
signal In’ (x, y) is integrated for a line in the horizontal
direction in the image by integration block 31 as ex-
pressed by formula (4) in FIG. 23 to determine the integral
value Fn (y) so that influences of picture patterns on flick-
er- �detection are reduced. In the formula (4), αn (y) is the
integral value of a line in the signal component In (x, y)
as expressed by formula (5) in FIG. 23.
�[0089] The computationally determined integral value
Fn (y) is stored and retained in integral value retaining
block 32 for the purpose of flicker detection in the sub-
sequent fields. The integral value retaining block 32 is
so designed as to be able to retain integral values of at
least two fields.
�[0090] If the subject is a uniform one, the integral value
αn (y) of the signal component In (x, y) is a constant value
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and hence it is easy to extract the flicker component αn
(y) * Γn (y) from the integral value Fn (y) of the input video
signal In’ (x, y).
�[0091] However, a subject generally contains m * ωo
component in αn (y) and hence it is not possible to isolate
the luminance component and the color component of
the flicker component from the luminance component
and the color component of the signal component of the
subject itself. In short, it is not possible to purely extract
only the flicker component. Additionally, since the flicker
component of the second term is very small relative to
the signal component of the first term in the formula (4),
the flicker component is substantially buried in the signal
component.
�[0092] For reference, FIG. 30 shows the integral value
Fn (y) of three consecutive fields of a subject (which is
in fact a color image) as shown in FIG. 29. The integral
value Fn (y) of FIG. 30 is for the red signal. In FIG. 30,
Field: N + 0 (solid line), Field: N + 1 (broken line) and
Field: N + 2 (dotted line) respectively indicate the first,
second, and third fields of three consecutive fields. As
seen from FIG. 30, it is not possible to directly extract the
flicker component from the integral value Fn (y).
�[0093] Thus, in the instance of FIG. 10, the integral
value of three consecutive fields is used to remove the
influence of αn (y) from the integral value Fn (y).
�[0094] More specifically, in the illustrated instance,
when computationally determining the integral value Fn
(y) of a line, the integral value Fn_ �1 (y) of the same line
in the immediately preceding field and the integral value
Fn_�2 (y) of the same line in the field preceding it by two
fields are read out from the integral value retaining block
32 and average value computing block 33 computes the
average value AVE [Fn (y)] of the three integral values
Fn (y), Fn_�1 (y) and Fn_�2 (y).
�[0095] If the subject can be regarded substantially
same in the period of the three consecutive fields, it is
possible to regard the value of αn (y) same for the three
consecutive fields. If the movement of the subject is suf-
ficiently small in the three fields, the above assumption
does not practically give rise to any problem. Additionally,
when computing the average value of the integral values
of three consecutive fields, the signals where the phase
of the flicker component is sequentially shifted by (-�2π/
3)�*m are added as seen from the formula (3) so that con-
sequently the flicker components are cancelled. There-
fore, the average value AVE [Fn (y)] is expressed by for-
mula (6) in FIG. 24.
�[0096] Note that the average value of the integral val-
ues of three consecutive fields is computationally deter-
mined in the above description on an assumption that
the approximation of formula (7) in FIG. 24 holds true.
However, the approximation of the formula (7) does not
hold true when the movement of the subject is large.
�[0097] Then, the flicker reducing section 25 that is pro-
vided for a situation where the movement of the subject
is large retains the integral values of not less than three
fields in the integral value regaining block 32 and com-

putationally determines the average value of the integral
values of four or more than four fields including the inte-
gral value Fn (y) of the current field. With this arrange-
ment, it is possible to reduce the influence of the move-
ment of the subject due to the effect of a temporal low
pass filter.
�[0098] However, since the same flicker repeatedly ap-
pears in every three fields, it is necessary to computa-
tionally determines the average value of the integral val-
ues of j (integer times of 3, where the integer is not smaller
than 2, or 6, 9, ...) consecutive fields in order to cancel
the flicker component. Thus, the integral value retaining
block 32 has to be so designed as to retain the integral
values of at least (j - 1) fields.
�[0099] The instance of FIG. 10 is based on the as-
sumption that the approximation of the formula (7) in FIG.
24 holds true. In this instance, difference computing block
34 computationally determines the difference of the in-
tegral value Fn (y) of the current field obtained from the
integration block 31 and the integral value Fn_�1 (y) of
the immediately preceding field obtained from the integral
value retaining block 32, or the difference value of Fn (y)
- Fn_ �1 (y) as expressed in formula (8) in FIG. 24. The
formula (8) is also based on the assumption that the ap-
proximation of the formula (7) holds true.
�[0100] FIG. 31 shows the difference value Fn (y) - Fn_
1 (y) of three consecutive fields of the subject illustrated
in FIG. 29. As seen from FIG. 31, since the influence of
the subject is satisfactorily removed by means of the dif-
ference value Fn (y) - Fn_�1 (y), the flicker component
(flicker coefficient) becomes more clearly visible than in
the integral value Fn (y) shown in FIG. 30.
�[0101] In the instance of FIG. 10, normalization block
35 normalizes the difference value Fn (y) - Fn_ �1 (y) from
the difference computing block 34 as it divides the differ-
ence value by the average value AVE [Fn (y)] from the
average value computing block 33 to computationally de-
termine the normalized difference value gn (y).
�[0102] The normalized difference value gn (y) is de-
veloped into formula (9) shown in FIG. 25 by means of
the formulas (6) and (8) of FIG. 24 and the addition/�mul-
tiplication formula of trigonometric function so as to be
expressed by formula (10) of FIG. 25 on the basis of the
relationship of the formula (3) in FIG. 23. Note that |Am|
and θm in the formula (10) are expressed respectively
by formulas (11a) and (11b).
�[0103] Since the influence of the signal intensity of the
subject remains on the difference value Fn (y) - Fn_ �1 (y),
the level of the luminance change and that of the color
change due to flickering can vary depending on the region
in the image. However, the level of the luminance change
and that of the color change can be equalized over all
the regions of the image as a result of the above- �de-
scribed normalization.
�[0104] FIG. 32 shows the normalized difference value
gn (y) of three consecutive three fields of the subject
shown in FIG. 29.
�[0105] Note that |Am| and θm that are expressed re-
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spectively by the formulas (11a) and (11b) of FIG. 25 are
the amplitude and the initial phase of the spectrum of
each degree of the normalized difference value gn (y).
Thus, it is possible to determine the amplitude γm and
the initial phase Φmn of the flicker component of each
degree shown in the formula (2) of FIG. 23 by means of
the formulas (12a) and (12b) of FIG. 26 and by way of
Fourier transform of the normalized difference value gn
(y) and detection of the amplitude |Am| and the initial
phase θm of the spectrum of each degree.
�[0106] In the instance of FIG. 10, DFT block 51 per-
forms a discrete Fourier transform of the data that cor-
responds to the wavelength (for L lines) of the flicker in
the normalized difference value gn (y) obtained from the
normalization block 35.
�[0107] If the DFT operation is DFT [gn (y)] and the re-
sult of the DFT of degree m is Gn (m), the DFT operation
is expressed by formula (13) in FIG. 26. W in the formula
(13) is expressed by formula (14). By the definition of
DFT, the relationship between the formulas (11a) and
(11b) and the formula (13) is expressed by formulas (15a)
and (15b) of FIG. 26.
�[0108] Thus, from the formulas (12a), (12b), (15a) and
(15b), it is possible to determine the amplitude γm and
the initial phase Φmn of the flicker component of each
degree by means of formulas (16a) and (16b) of FIG. 26.
�[0109] The data length of the DFT operation is made
equal to the wavelength (for L lines) of the flicker be-
cause, by doing so, it is made possible to directly obtain
a group of discrete spectra of integer times of ωo.
�[0110] Generally, FFT (fast Fourier transform) is used
for a Fourier transform when processing a digital signal.
Nevertheless, however, DFT is used in this embodiment
of the present invention. The reason for this is that DFT
is more convenient than FFT because the data length of
the Fourier transform is not equal to a power of 2. How-
ever, it is also possible to use FFT by processing the
input/�output data.
�[0111] Since, under the lighting of a fluorescent lamp,
it is actually possible to satisfactorily approximate the
flicker component even if the range of the degree m is
less than the tenth, it is not necessary to output all the
data of the DFT operation. The use of DFT is not disad-
vantageous for the purpose of the present invention if
compared with the use of FFT in terms of efficiency of
operation, therefore.
�[0112] The DFT block 51 firstly extracts spectra by a
DFT operation defined by the formula (13) and subse-
quently the amplitude γm and the initial phase Φmn of
the flicker component of each degree are estimated by
means of operations using formulas (16a) and (16b).
�[0113] In the instance of FIG. 10, flicker generation
block 53 computationally determines the flicker coeffi-
cient Γn (y) expressed by the formula (2) in FIG. 23 from
the estimates of γm and Φmn obtained from the DFT
block 51.
�[0114] However, as pointed out above, it is actually
possible to satisfactorily approximate the flicker compo-

nent if the range of the degree m is less than the tenth.
Therefore, when computationally determining the flicker
coefficient Γn (y) by means of the formula (2), it is possible
to limit the degree of summation to a predetermined or-
dinal number, for example to the second order so as not
to make it infinite.
�[0115] FIG. 33 is a graph of the estimated flicker coef-
ficient Γn (y) of three consecutive fields for the subject
of FIG. 29.
�[0116] With the above-�described technique, it is pos-
sible to accurately detect the flicker component by com-
putationally determining the difference value Fn (y) - Fn_
1 (y) and normalizing it with the average value AVE [Fn
(y)] even in regions such as black background regions
and low illuminance regions where the flicker component
is minute and it is completely buried in the signal com-
ponent when the integral value of Fn (y) is simply used.
�[0117] Estimation of the flicker component from the
spectra of no more than the degree of an appropriate
ordinal number is approximation of the flicker component
without completely reproducing the normalized differ-
ence value gn (y). However, even if the normalized dif-
ference value gn (y) produces a discontinued part due
to the condition of the subject, it is possible to accurately
estimate the flicker component for the part by means of
such estimation.
�[0118] From the formula (1) of FIG. 23, the signal com-
ponent In (x, y) that does not contain any flicker compo-
nent is expressed by formula (17) of FIG. 26.
�[0119] In the instance of FIG. 10, arithmetic operation
block 40 adds one to the flicker component Γn (y) ob-
tained from the flicker generation block 53 and divides
the input video signal In’ (x, y) by the sum [1 + Γn (y)].
�[0120] Then, as a result, the flicker component that is
contained in the input video signal In’ (x, y) is substantially
completely eliminated and a signal component In (x, y)
that practically does not contain any flicker component
is obtained as output video signal (RGB primary color
signal or luminance signal with a reduced flicker) from
the arithmetic operation block 40.
�[0121] If all the above-�described processing operation
is not completed within the time period of a field due to
the limited operation capacity of the system, the arithme-
tic operation block 40 may be provided with a function of
retaining the flicker coefficients Γn (y) of three fields so
that the retained flicker coefficients Γn (y) may be sub-
jected to arithmetic operations for the input video signal
In’ (x, y) after the three fields by utilizing the characteristic
that the flicker repeatedly appears in every three fields.
�[0122] In the instance of FIG. 10, if the level of the input
video signal In’ (x, y) is in a saturation zone and the arith-
metic operation block 40 performs the arithmetic opera-
tion of the formula (17), the signal component (color com-
ponent or luminance component) can be changed.
Therefore, it is desirable that the arithmetic operation
block 40 has a configuration as illustrated in FIG. 11.
�[0123] The arithmetic operation block 40 having a con-
figuration as illustrated in FIG. 11 includes an addition
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circuit 41 for adding one to the flicker coefficient Γn (y)
from the flicker generation block 53, a division circuit 42
for dividing the input video signal In’ (x, y) by the sum [1
+ Γn (y)], an input side switch 43, an output side switch
44 and a saturation level determining circuit 45, which
saturation level determining circuit 45 determines if the
level of the input video signal In’ (x, y) is above the thresh-
old level of the saturation zone or not for each pixel.
�[0124] If the level of the input video signal In’ (x, y)
does not reach the threshold level of the saturation zone
for a pixel, the switches 43 and 44 are turned to the side
of the division circuit 42 by the saturation level determin-
ing circuit 45 and the result of the arithmetic operation of
the formula (17) is output from the arithmetic operation
block 40 as output video signal as described above for
the pixel.
�[0125] If, on the other hand, the level of the input video
signal In’ (x, y) is not lower than the threshold level of the
saturation zone for a pixel, the switches 43 and 44 are
turned to the opposite side by the saturation level deter-
mining circuit 45 and the input video signal In’ (x, y) is
output straight from the arithmetic operation block 40 as
output video signal.
�[0126] Therefore, the signal component (color compo-
nent or luminance component) is not changed when the
level of the input video signal In’ (x, y) is in the saturation
zone to make it possible to obtain a high image quality
output video signal.
�[0127] Thus, it is possible to effectively secure the ac-
curacy of finite computations by normalizing the differ-
ence value Fn (y) - Fn_�1 (y) by means of the average
value AVE [Fn (y)] as in the instance of FIG. 10. However,
the integral value Fn (y) may be normalized directly by
means of the average value AVE [Fn (y)] when the nec-
essary accuracy of computations is achieved.
�[0128] FIG. 12 illustrates such an instance. Referring
to FIG. 12, the normalization block 35 normalizes the
integral value Fn (y) from the integration block 31 by di-
viding it by the average value AVE [Fn (y)] from the av-
erage value computing block 33 to computationally de-
termine the normalized difference value gn (y).
�[0129] However, then, the normalized difference value
gn (y) after the normalization is expressed by formula
(18) of FIG. 27. Therefore, a subtraction circuit 36 sub-
tracts one from the normalized difference value gn (y),
which is expressed by the formula (18), as shown by
formula (19) of FIG. 27 and the result is transmitted to
the DFT block 51 in order to make the downstream
processing operations same as those of the instance of
FIG. 10.
�[0130] Then, since |Am| = γm and θm = Φmn, it is pos-
sible to determine γm and Φmn respectively by means
of formulas (20a) and (20b) of FIG. 27 on the basis of
the formulas (15a) and (15b) of FIG. 26.
�[0131] Thus, while the DFT block 51 extracts spectra
by means of a DFT operation as defined by the formula
(13) and subsequently estimates the amplitude γm and
the initial phase Φmn of the flicker component of each

degree by way of the arithmetic operations of the formu-
las (16a) and (16b) in the instance of FIG. 10, it extracts
spectra by means of a DFT operation as defined by the
formula (13) and subsequently estimates the amplitude
γm and the initial phase Φmn of the flicker component of
each degree by way of the arithmetic operations of the
formulas (20a) and (20b) in the instance of FIG. 12. The
subsequent processing operations of the instance of FIG.
12 are same as those of the instance of FIG. 10.
�[0132] In the instance of FIG. 12, the difference com-
puting block 34 is not necessary and the flicker reducing
section 25 can be simplified so much.
�[0133] In this instance again, it is desirable that the
arithmetic operation block 40 has a configuration as il-
lustrated in FIG. 11.
�[0134] Since the average value AVE [Fn (y)] that is
used for the purpose of normalization in the instance of
FIG. 10 is equal to αn (y) as seen from the formula (6)
when the approximation of the formula (7) of FIG. 24
holds true and the second term [an y * Γn (y)] of the
formula (4) in FIG. 23 is satisfactorily smaller than αn (y)
of the first term, the influence of the second term on the
normalization is very small.
�[0135] Therefore, practically no problem arises if the
integral value Fn (y) is used for the purpose of normali-
zation in place of the average value AVE [Fn (y)] and it
is possible to effectively detect the flicker component by
using the integral vale Fn (y) as in the case of using the
average value AVE [Fn (y)].
�[0136] Thus, in the instance of FIG. 13, the normaliza-
tion block 35 normalizes the difference value Fn (y) - Fn_
1 (y) from the difference computing block 34 as it divides
the difference value by the integral value Fn (y) from the
integration block 31. All the subsequent processing op-
erations are same as those in the instance of FIG. 10.
�[0137] Since, in the instance of FIG. 13, it is sufficient
for the integral value retaining block 32 to retain only the
integral value of a field and the average value computing
block 33 is not necessary, the configuration of the flicker
reducing section 25 can be simplified.
�[0138] In this instance again, it is desirable that the
arithmetic operation block 40 has a configuration as il-
lustrated in FIG. 11.
�[0139] When an image is picked up under the lighting
of a non-�fluorescent lamp (in a lighting environment
where a fluorescent lamp is not used), no particular prob-
lem arises if the above- �described flicker reducing proc-
ess is executed. Then, however, the image quality may
be adversely influenced by the unnecessarily executed
process, even if the flicker component is small enough.
�[0140] In other words, it is desirable to configure the
flicker reducing section 25 in such a way that no flicker
reducing process is executed and the input video signal
In’ (x, y) is output straight from the flicker reducing section
25 as output video signal when an image is picked up
under the lighting of a non- �fluorescent lamp.
�[0141] FIG. 14 is a schematic block diagram of an ex-
emplary flicker reducing section 25 that can be used
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when lighting by a non-�fluorescent lamp is taken into con-
sideration. Referring to FIG. 14, a normalized integral
value determining block 30 has a configuration of the
instance of FIG. 10, 12 or 13. While not the integral value
Fn (y) but the difference value Fn (y) - Fn_ �1 (y) is nor-
malized in the instances of FIGS. 10 and 13, the block
30 responsible for it is also referred to as normalized
integral value determining block for the purpose of con-
venience.
�[0142] In the instance of FIG. 14, a lighting of fluores-
cent lamp judging block 52 is arranged between the DFT
block 51 and the flicker generation block 53.
�[0143] The level (amplitude) γm of the component of
each degree as estimated and computationally deter-
mined by the DFT block 51 is found sufficiently above a
threshold value Th for m = 1 but rapidly falls as the value
of m increases under the lighting of a fluorescent lamp
as shown in FIG. 28A. On the other hand, the level of the
component of any degree is found under the threshold
value Th under the lighting of a non-�fluorescent lamp as
shown in FIG. 28B.
�[0144] Under the lighting of a non-�fluorescent lamp, it
is ideal that the spectrum is equal to nil. In reality, how-
ever, it is inevitable that the normalized difference value
gn (y) or the integral value gn (y) - 1 that is produced from
the signals of a plurality of consecutive fields includes a
frequency component to a small extent because the sub-
ject moves.
�[0145] Therefore, the lighting of fluorescent lamp judg-
ing block 52 determines, for example, if the level of the
component for m = 1 exceeds the threshold value Th or
not and, if it exceeds the threshold value Th, the block
52 so judges that the lighting is that of a fluorescent lamp
and outputs the estimated values of γm and Φmn ob-
tained from the DFT block 51 straight to the flicker gen-
eration block 53. Therefore, in this case, the above-�de-
scribed flicker reducing process is executed.
�[0146] If, on the other hand, the level of the component
for m = 1 is found not higher than the threshold value Th,
the lighting of fluorescent lamp judging block 52 so judges
that the lighting is that of a non-�fluorescent lamp and
reduces the estimated value of γm to zero for all the de-
grees m. Therefore, in this case, the flicker coefficient Γn
(y) also becomes equal to zero and the input video signal
In’ (x, y) is output straight from the arithmetic operation
block 40 as output video signal.
�[0147] FIG. 15 is a schematic block diagram of another
exemplary flicker reducing section that can be used when
lighting by a non-�fluorescent lamp is taken into consid-
eration. In this example, the lighting of fluorescent lamp
judging block 52 judges if the lighting is that of a fluores-
cent lamp or not as in the example of FIG. 14. However,
if it so judges that the lighting is that of a non-�fluorescent
lamp, it sets detection flag COMP_�OFF in position and
stops the processes at the flicker generation block 53
and the arithmetic operation block 40 in order to output
the input video signal In’ (x, y) straight from the arithmetic
operation block 40 as output video signal. If the lighting

of fluorescent lamp judging block 52 so judges that the
lighting is that of a fluorescent lamp, it resets the detection
flag COMP_ �OFF so that the flicker reducing process is
executed in a manner as described above.
�[0148] In the instance of FIG. 15, when an image is
picked up under the lighting of a non-�fluorescent lamp,
it is possible to not only eliminate the adverse effect on
the image quality but also reduce the power consump-
tion.
�[0149] The subject can often change to a large extent
within a short period of time as the person shooting the
subject operates the camera for zooming, panning and/or
tilting or as a result of camera shake, namely, a move-
ment of the hand that is operating the camera. Then, the
assumption of the formula (7) of FIG. 24 does not hold
true and consequently the flicker detection accuracy will
be degraded.
�[0150] The image pickup apparatus is made to have a
configuration as illustrated in FIG. 16 by taking a situation
where the subject changes to a large extent within a short
period of time due to the operation or the action of the
person shooting the subject into consideration.
�[0151] In the instance of FIG. 16, switches 55, 56 and
a flicker retaining block 57 are arranged between the flick-
er generation block 53 and the arithmetic operation block
40 of any of the arrangements for the flicker reducing
section 25 as illustrated in FIGS. 10, 12 and 13 and a
detection flag DET_ �OFF, which will be described in great-
er detail hereinafter, output from the system controller 14
is supplied to the switches 55 and 56 as switching signal.
�[0152] The flicker retaining block 57 is adapted to hold
the flicker coefficients Γn (y) of three fields and store the
flicker coefficient Γn (y) of a field for the next field each
time an operation of processing the field is over. At the
same time, the flicker retaining block 57 is so adapted
as to switch the read out output repetitively in every three
fields.
�[0153] A situation where the subject changes to a large
extent within a short period of time due to the operation
or the action of the person shooting the subject is detect-
ed by the system controller 14.
�[0154] For example, as the person shooting the subject
depresses the zoom key of the operation section 18a,
the key depressing action is detected by the system con-
troller 14 by way of the interface 19. Then, the system
controller 14 controls the operation of driving the lens for
a close-�up view, a wide angle view or some other effect
in response to the zooming operation of the person. On
the other hand, a hand movement of the person is de-
tected by the camera shake sensor 17 and camera shake
information is transmitted to the system controller 14.
Then, the system controller 14 controls the operation of
correcting the camera shake according to the camera
shake information. Similarly, a panning operation and/or
a tilting operation is also detected by the system controller
14 so that it typically reduces the effect of correcting the
camera shake during a panning operation. These detec-
tion/�control operations are not particularly different from
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those of ordinary cameras.
�[0155] Additionally, in the instance of FIG. 16, when
the system controller 14 detects an operation or an action
on the part of the person shooting the subject that chang-
es the subject to a large extent within a short period of
time, it set the detection flag DET_�OFF in position. When
the system controller 14 does not detect such an opera-
tion or an action, it resets the detection flat DET_�OFF.
�[0156] In an ordinary situation where the subject does
not change to a large extent within a short period of time,
the detection flag DET_�OFF is reset and the switch 55
of the flicker reducing section 25 is turned to the side of
the flicker generation block 53 so that the flicker coeffi-
cient Γn (y) at that time is supplied to the arithmetic op-
eration block 40 and a flicker reducing process is exe-
cuted, while the switch 56 is turned on to store the flicker
coefficient Γn (y) at that time in the flicker retaining block
57.
�[0157] On the other hand, in a situation where the sub-
ject changes to a large extent within a short period of
time, the detection flag DET_�OFF is set in position and
the switch 55 of the flicker reducing section 25 is turned
to the side of the flicker retaining block 57. Therefore, on
behalf of the flicker coefficient Γn (y) supplied from the
flicker generation block 53, which shows poor detection
accuracy, the flicker coefficient Γn (y) that is read out
from the flicker retaining block 57 and shows good de-
tection accuracy is supplied to the arithmetic operation
block 40. This is because the accurate flicker coefficient
Γn (y) is obtained immediately before an operation or an
action on the part of the person shooting the subject oc-
curs and the subject changes to a large extent within a
short period of time. Then, the flicker reducing process
is executed, while the switch 56 is turned off to prevent
the flicker coefficient Γn (y) that shows a poor detection
accuracy from being stored in the flicker retaining block
57.
�[0158] Thus, in this instance, the flicker detection ac-
curacy is held to a high level, and therefore, the flicker is
reliably and satisfactorily reduced even in a situation
where the subject changes to a large extent within a short
period of time due to the operation or the action of the
person shooting the subject.
�[0159] Additionally, in this instance, the detection flag
DET_ �OFF is also transmitted to the normalized integral
value determining block 30, the DFT block 51 and the
flicker generation block 53. When the subject changes
to a large extent within a short period of time due to the
operation or the action of the person shooting the subject,
the detection flag DET_�OFF is set in position and the
processing operations in the normalized integral value
determining block 30, the DFT block 51, and the flicker
generation block 53 are suspended. This, this instance
can also reduce the power consumption.
�[0160] While the above-�described instance is adapted
to switch the current flicker coefficient Γn (y) to that of
the immediately preceding signal, it may alternatively be
so arranged that an upstream signal, e.g., the integral

value Fn (y), be switched to the immediately preceding
signal.
�[0161] As will be described hereinafter, the flicker re-
ducing process may be unnecessary depending on the
situation of shooting the subject. In such a situation, it is
desirable that the flicker reducing process is not executed
as in the case where the subject is shot under the lighting
of a non-�fluorescent lamp, taking the adverse effect on
the image quality into consideration.
�[0162] Shooting situations where the flicker reducing
process is unnecessary include firstly those where a still
image is obtained by means of a video camera or a digital
still camera that can pick up both moving images and still
images.
�[0163] In such situations, the exposure timings (tim-
ings for starting an exposure and those for ending an
exposure) of all the pixels of an image can be made to
be simultaneous when a camera has an XY address
scanning type imaging element such as a CMOS imaging
element. It is possible to prevent the flicker of a fluores-
cent lamp from appearing on the image, therefore. The
operation of reading data from the imaging element can
be conducted slowly under a condition where the me-
chanical shutter is closed and incoming light is totally
blocked because there is no restriction to the frame rate
unlike a case where a moving image is picked up.
�[0164] In case of the embodiment of FIG. 7, according
to the camera operation at the operation section 18a, the
system controller 14 can detect if the camera is in a sit-
uation where the exposure timings of all the pixels of an
image are made to be simultaneous to obtain a still image
or not.
�[0165] Shooting situations where the flicker reducing
process is unnecessary include secondly those where
an image is to be picked up outdoor under sun light and
those where the exposure time (electronic shutter oper-
ating time) can be made equal to integer times of the
cycle time of the luminance change of a fluorescent lamp
(1/100 seconds) typically by adjusting the exposure val-
ue.
�[0166] A situation where an image is being picked up
under the lighting of a fluorescent lamp can be detected
from the level of the spectrum extracted by the DFT block
51 as described above by referring to the instances of
FIGS. 14 and 15. While a situation where an image is
picked up outdoor under sunlight may belong to the cat-
egory of lighting of a non-�fluorescent lamp, such a situ-
ation can be detected directly by the system controller
14 on the basis of the quantity of light being shed on the
subject.
�[0167] As pointed out above, no flickering of fluores-
cent lamp such as flickering in the image appears in sit-
uations where the exposure time can be made equal to
integer times of the cycle time of the luminance change
of a fluorescent lamp (1/100 seconds) even by a camera
using an XY address scanning type imaging element.
The system controller 14 can directly detect if the expo-
sure time is made equal to integer times of the cycle time
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of the luminance change of a fluorescent lamp by adjust-
ing the exposure value or not.
�[0168] Thus, the system is so configured that the flicker
reducing process is not executed and the input video
signal In’ (x, y) is output straight from the flicker reducing
section 25 as output video signal when the system con-
troller 14 judges that no flicker reducing process is nec-
essary for the shooting situation.
�[0169] FIG. 17 is a schematic block diagram of an ex-
emplary image pickup apparatus that can be realized
when an occasion, where a flicker reducing process is
not necessary due to the imaging situation, is taken into
consideration. In the illustrated instance, a nullification
block 59 is arranged between the DFT block 51 and the
flicker generation block 53 in the flicker reducing section
25 and controlled by the flicker reducing ON/OFF control
signal from the system controller 14,
�[0170] When it is judged by the system controller 14
that the flicker reducing process has to be executed, the
flicker reducing ON/OFF control signal is put into an ON
state and the nullification block 59 outputs the estimated
values of γm and Φmn from the DFT block 51 straight to
the flicker generation block 53. Then, in this case, the
above- �described flicker reducing process is executed.
�[0171] When, on the other hand, it is judged by the
system controller 14 that the flicker reducing process
does not have to be executed, the flicker reducing
ON/OFF control signal is put into an OFF state and the
nullification block 59 reduces the estimated value of γm
to zero for all the degrees of m. Therefore, in this case,
the flicker coefficient Γn (y) is also reduced to zero and
the input video signal In’ (x, y) is output straight from the
arithmetic operation block 40 as output video signal.
�[0172] FIG. 18 is a schematic block diagram of another
exemplary image pickup apparatus that can be realized
when an occasion where a flicker reducing process is
not necessary due to the imaging situation is taken into
consideration. In this instance, the arithmetic operation
block 40 of the flicker reducing section 25 is formed so
as to include an addition circuit 41, a division circuit 42
and switches 43, 44 as shown in FIG. 11 but not a satu-
ration level determining circuit 45, and the switches 43
and 44 are switched according to the flicker reducing
ON/OFF control signal from the system controller 14.
�[0173] When the system controller 14 so judges that
the flicker reducing process has to be executed, the
switches 43 and 44 are turned to the side of the division
circuit 42. Then, as pointed out earlier, the result of the
arithmetic operation of the formula (17) is output from the
arithmetic operation block 40 as output video signal.
�[0174] When, on the other hand, the system controller
14 so judges that the flicker reducing process does not
have to be executed, the switches 43 and 44 are turned
to the opposite side and the input video signal In’ (x, y)
is output straight from the arithmetic operation block 40
as output video signal.
�[0175] Additionally, in the instance of FIG. 18, the flick-
er reducing ON/OFF control signal is also transmitted to

the normalized integral value determining block 30, the
DFT block 51, and the flicker generation block 53 so that,
when the system controller 14 so judges that the flicker
reducing process does not have to be executed, the
processing operations of the normalized integral value
determining section 30, the DFT block 51, and the flicker
generation block 53 are suspended. Thus, this instance
can also reduce the power consumption.
�[0176] With each of the above-�described instances, it
is possible to reliably and effectively reduce the flicker
component from the input video signal in a state where
flickering of fluorescent lamp is steadily and stably being
produced.
�[0177] However, since, with each of the above-�de-
scribed instances, the average or the difference of a plu-
rality of fields is computationally determined to detect the
flicker component, it is not possible to accurately detect
the flicker component in a transiently unstable state that
arises when the switch of a fluorescent lamp is turned on
or off or when the subject enters into or comes out from
a room that is held under the lighting of a fluorescent
lamp. Therefore, when a flicker reducing process is ex-
ecuted on the basis of the flicker component obtained in
any of such situations, the input video signal can be cor-
rected in an undesirable way.
�[0178] Additionally, with each of the above-�described
instances, although flickering can be reduced reliably and
stably for a change in the horizontal angle of view that
may be produced by a horizontal movement of the sub-
ject, a camera operation such as panning and/or zooming
or a camera shake by the person shooting the subject,
the flicker reducing performance is slightly degraded for
a change in the vertical angle of view that may be pro-
duced by a vertical movement of the subject, a camera
operation such as tilting and/or zooming or a camera
shake by the person shooting the subject.
�[0179] This problem can be dissolved by the method
illustrated in FIG. 16. However, with this method, the flick-
er coefficient Γn (y) is switched between an ordinary sta-
ble state where the subject does not change to a large
extent within a short period of time and a state where the
subject changes to a large extent within a short period
of time due to an operation or an action of the person
shooting the subject, which gives the viewer a feeling of
incompatibility.
�[0180] Additionally, while it is not possible to suppress
external turbulences in an ordinary stable state, the meth-
od illustrated in FIG. 16 provides a quick follow-�up capa-
bility and hence it directly reacts to external turbulences
to give rise to an error in the flicker reduction.
�[0181] To reduce the influence of external turbulences,
a filtering operation may be conducted by means of an
LPF (low pass filter) in the process of estimating the flick-
er component, using a long time constant, so as to retard
the follow- �up capability for estimating the flicker compo-
nent.
�[0182] However, when the follow- �up capability is re-
tarded in this way, it is also retarded in a transitional state.
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Then, there may arise a problem that, while a flicker re-
ducing process has to be executed when a fluorescent
lamp is turned on or the subject enters a room under the
lighting of a fluorescent lamp, the process is not executed
quickly or a problem that, while a flicker reducing process
does no longer have to be executed when a fluorescent
lamp is turned off or the subject goes out of a room under
the lighting of a fluorescent lamp, the execution of the
process continues.
�[0183] Besides, it is possible to perform a flicker re-
ducing operation more flexibly and appropriately in var-
ious situations by adjusting the amplitude and the phase
of the detected flicker component if necessary and per-
forming arithmetic operations on the adjusted flicker com-
ponent with the input video signal instead of simply per-
forming arithmetic operations on the detected flicker
component with the input video signal.
�[0184] In the instance that is described below, the am-
plitude and the phase of the estimated flicker component,
which are parameters relating to flicker reduction, are
adjusted.
�[0185] FIG. 19 illustrates the basic configuration of the
flicker reducing section of the instance. In this instance,
the data on the amplitude γm and the initial phase Φmn
of the estimated flicker component that are obtained from
the above-�described DFT block 51 of the flicker reducing
section 25 are taken into the system controller 14 and
adjusted by the parameter control section 14a in the sys-
tem controller 14 in a manner as described below and
the data on the amplitude γm’ and the initial phase Φmn’
that are obtained as a result of adjustment are input to
the flicker generation block 53 of the flicker reducing sec-
tion 25.
�[0186] The flicker generation block 53 computationally
determines the flicker coefficient Γn (y) expressed by the
formula (2) of FIG. 23 from the amplitude γm’ and the
initial phase Φmn’ obtained as a result of adjustment in
stead of determining it from the amplitude γm and the
initial phase Φmn obtained from the DFT block 51. In
other words, in this instance, γm and Φmn in the formula
(2) of FIG. 23 are replaced by γm’ and Φmn’.
�[0187] While the normalized integral value determining
block 30 of the flicker reducing section 25 in FIG. 19 has
a configuration as illustrated in FIG. 10, the normalized
integral value determining block 30 may alternatively
have a configuration as shown in FIG. 12 or in FIG. 13.
�[0188] FIG. 20 illustrates a first specific example of
such an arrangement.
�[0189] While the data on the amplitude γm and the in-
itial phase Φmn that are used as input signals to the pa-
rameter control section 14a include a total of m sets per
field, they are summarily shown as a set. So are the data
on the amplitude γm’ and the initial phase Φmn’ that are
to be used as output signals of the parameter control
section 14a.
�[0190] In this instance, the data on the amplitude γm
and those on the initial phase Φmn from the DFT block
51 are supplied respectively to the digital LPFs (low pass

filters) 61 and 62. Then, the output data of the digital LPF
61 are supplied to the gain adjusting circuit (multiplication
circuit) 63 and the output data of the gain adjusting circuit
63 are supplied to the flicker generation block 53 as data
on the adjusted amplitude γm’ whereas the output data
of the digital LPF 62 are supplied to the flicker generation
block 53 as data on the adjusted initial phase Φmn’.
�[0191] The time constant Ta of the digital LPF 61 and
the time constant Tp of the digital LPF 62 are defined by
time constant defining block 65 and the gain (multiplica-
tion coefficient) Ka of the gain adjusting circuit 63 is de-
fined by gain defining block 66.
�[0192] It is desirable that the time constants can be
arbitrarily and continuously changed within a predeter-
mined range for the digital LPFs 61 and 62. However, if
it is not possible to define the time constant to a desired
value, it is sufficient to define it to a value close to the
desired one. If it is not possible for a single LPF to change
the time constant continuously, it is possible to prepare
a plurality of LPFs having separate time constants Ta,
Tp in the inside and provide them with control codes so
that one of the plurality of LPFs may be selected.
�[0193] The initial phase Φmn at the time when flicker-
ing takes place fluctuates periodically. For example,
when the frequency of the commercially supplied AC is
50 Hz and the vertical synchronizing frequency of the
camera is 60 Hz, the initial phase Φmn takes a same
value in every three fields and the difference as ex-
pressed by the formula (3) in FIG. 23 arises between a
field and the immediately preceding field.
�[0194] For this reason, as for the digital LPF 62, an
LPF has to be provided for data of the same phase, taking
the fluctuations of the initial phase Φmn into considera-
tion. If the cycle period of fluctuations of the initial phase
Φmn is three fields as in the above-�described instance,
three LPFs has to be provided as the digital LPF 62 and
the data on the initial phase Φmn have to be allocated
to the three FPFs.
�[0195] Additionally, data on the amplitude γm and the
initial phase Φmn and AE (automatic exposure) control
information and AWB (automatic white balance) control
information that are obtained in the system controller 14
are input to state detection block 68. AE control informa-
tion is information on the lightness of the image and AWB
control information is information that indicates the color
temperature and if the lighting is that of a fluorescent
lamp or not.
�[0196] Then, from the input information, the state de-
tection block 68 detects the circumstances, where the
image pickup operation is conducted, that influence oc-
currence of flickering of fluorescent lamp. These circum-
stances include the state where the current imaging en-
vironment is under the lighting of a fluorescent lamp and
the state where a transition from under the lighting of a
non-�fluorescent lamp to under the lighting of a fluorescent
lamp is taking place or vice versa, e.g., the state where
the switch of the fluorescent lamp is turned on or off, and
a control mode is selected according to the result of the
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detection.
�[0197] Then, the selected control mode is indicated to
the time constant defining block 65 and the gain defining
block 66 by a control mode indication signal. Upon re-
ceiving the indication, the time constant defining block
65 defines the time constants Ta and Tb of the digital
LPFs 61 and 62 and the gain defining block 66 defines
the gain Ka at the gain adjusting circuit 63.
�[0198] FIG. 22 is a chart illustrating the criteria for judg-
ing the detection of the state as detected by the state
detection block 68. Firstly, when flickering is being pro-
duced steadily and stably under the lighting of fluorescent
lamp, the amplitude γm of the estimated flicker compo-
nent takes substantially a constant value and the initial
phase Φmn of the estimated flicker component takes a
same value in every predetermined cycle period (3 fields
when the frequency of the commercially supplied AC is
50 Hz and the vertical synchronizing frequency of the
camera is 60 Hz).
�[0199] Therefore, from these pieces of information, it
is satisfactorily possible to determine that flickering is be-
ing produced steadily and stably under the lighting of
fluorescent lamp.
�[0200] Additionally, since the lightness of the image
fluctuates with a substantially constant cycle period un-
der the lighting of a fluorescent lamp, it is satisfactorily
possible to determine that the current situation is under
the lighting of a fluorescent lamp from the lightness in-
formation for AE control when the information tells so.
�[0201] Still additionally, with AWB control, the light
source is normally estimated from the detected color in-
formation and it is judged if the light source is a fluores-
cent lamp or not. Therefore, it is also satisfactorily pos-
sible to determine that the current situation is under the
lighting of a fluorescent lamp from the light source esti-
mating information for AWB control.
�[0202] In this instance, the accuracy of detection is en-
hanced by comprehensively judging the information over
a plurality of fields in the past.
�[0203] Then, if the state detection block 68 so judges
that flickering is steadily and stably taking place under
the lighting of a fluorescent lamp, it selects mode A for
the control mode as will be described in greater detail
hereinafter.
�[0204] If, on the other hand, the state detection block
68 so judges that flickering is not steadily taking place
under the lighting of a non-�fluorescent lamp, it means
that the amplitude γm of the estimated flicker component
is only a noise component that fluctuates randomly near
zero and the initial phase Φmn also fluctuates randomly
due to the noise.
�[0205] Thus, from these pieces of information, it is sat-
isfactorily possible to determine that the flicker reducing
process is not necessary to be executed under the light-
ing of a non-�fluorescent lamp.
�[0206] Additionally, since, under the lighting of a non-
fluorescent lamp, the lightness of the image does not
fluctuate periodically, it is satisfactorily possible to deter-

mine that the current situation is under the lighting of a
non-�fluorescent lamp from the lightness information for
AE control when the information tells so. It is also possible
to determine that the current situation is under the lighting
of a non-�fluorescent lamp from the above-�described light
source estimating information for AWB control.
�[0207] In this instance, the accuracy of detection is en-
hanced by comprehensively judging the information over
a plurality of fields in the past.
�[0208] Then, if the state detection block 68 so judges
that flickering is not steadily taking place under the light-
ing of a non-�fluorescent lamp (and hence the flicker re-
ducing process does not have to be executed), it selects
mode B for the control mode as will be described in great-
er detail hereinafter.
�[0209] The time constant defining block 65 and the
gain defining block 66 select values for the time constants
Ta, Tp of the digital LPFs 61, 62 and the gain Ka of the
gain adjusting circuit 63 in response to the control mode
selected by the state detection block 68 in a manner as
described below, which depends on the system config-
uration and the demands to be met by the system.
�[0210] Firstly, as for the time constant Ta of the digital
LPF 61, the amplitude γm of the estimated flicker com-
ponent shows a substantially constant value both in
mode A (in a state where flickering is taking place steadily
and stably under the lighting of a fluorescent lamp) and
in mode B (in a state where flickering is not taking place
steadily under the lighting of a non-�fluorescent lamp),
although it may vary in terms of near zero or not. If it does
not show a constant value, there are external turbulenc-
es.
�[0211] Therefore, to make the system tough and robust
against external turbulences, it is desirable to define a
long time constant Ta for the digital LPF 61. However,
from the viewpoint of dealing with transition of control
mode from mode A to mode B or vice versa, a quick
follow-�up capability is desirable and hence it is preferable
to define a relatively short time constant Ta for the digital
LPF 61.
�[0212] In short, as for the amplitude γm, the two trade-
off demands have to be met. However, as shown in FIG.
10, 12 or 13, a method according to the embodiment of
the present invention is basically based on an algorithm
that is tough against external turbulences.
�[0213] Therefore, in reality, a relatively short time con-
stant Ta is defined to put stress on the follow-�up capa-
bility. It is most preferable that the time constant Ta can
be dynamically controlled so that it may be made rela-
tively long in a steady state such as in mode A or in mode
B and relatively short in a transitional state from mode A
to mode B or vice versa.
�[0214] On the other hand, as for the time constant Tp
of the digital LPF 62, the initial phase Φmn periodically
takes a same value due to the principle of generation of
flickering in mode A (in a state where flickering is taking
place steadily and stably under the lighting of a fluores-
cent lamp). Therefore, it is preferable to set a sufficiently
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long time constant for Tp so as to make the system tough
against external turbulences.
�[0215] To the contrary, since the initial phase Φmn
keeps on taking randomly changing values in mode B (in
a state where flickering is not taking place steadily under
the lighting of a non-�fluorescent lamp), such a time con-
stant Tp does not particularly provide any specific advan-
tage if a long time constant Tp is defined. Specifically, it
is possible to arbitrarily select a value for the time con-
stant Tp in mode B because of the gain adjustment effect,
which will be described in greater detail hereinafter.
�[0216] Thus, it may be so arranged that the time con-
stant Ta or Tp can be switched between mode A and
mode B.
�[0217] As for the gain Ka at the gain adjusting circuit
63, it may well be defined basically to be equal to 1 be-
cause the amplitude γm is substantially held to a constant
value as shown in FIG. 22 in mode A (in a state where
flickering is taking place steadily and stably under the
lighting of a fluorescent lamp).
�[0218] It is desirable to be noted, however, that the
gain Ka determines the correction factor of the amplitude
γm (so that the input is output by 100% to make the cor-
rection factor equal to zero when Ka = 1 is selected) and
the correction factor of the amplitude γm can be controlled
directly by changing the gain Ka.
�[0219] In an actual imaging environment, there may
be occasions where it is desirable to intentionally raise
or lower the amplitude. Therefore, the system may be so
arranged that the gain Ka is not limited to 1 and a value
greater than or smaller than 1 can be selected.
�[0220] On the other hand, the amplitude γm randomly
takes a value close to zero due to noises in mode B (in
a state where flickering is not taking place steadily under
the lighting of a non-�fluorescent lamp). Because intrinsi-
cally it is not necessary to execute the flicker reducing
process in mode B, the gain Ka is held to zero so that
any unnecessary process may not be executed in mode
B.
�[0221] The above description applies to stable states
of mode A and mode B (a state where flickering is taking
place steadily under the lighting of a fluorescent lamp
and a state where flickering is not taking place steadily
under the lighting of a non-�fluorescent lamp). It is highly
possible that the imaging environment is switched from
under the lighting of a fluorescent lamp to under the light-
ing of a non-�fluorescent lamp when the mode detected
by the state detection block 68 is switched form mode A
to mode B, whereas it is highly possible that the imaging
environment is switched from under the lighting of a non-
fluorescent lamp to under the lighting of a fluorescent
lamp when the mode detected by the state detection
block 68 is switched form mode B to mode A.
�[0222] With a basic method according to the embodi-
ment of the present invention as illustrated in FIG. 10, 12
or 13, the flicker component is extracted by an arithmetic
operation of determining the average or the difference of
a plurality of fields. Therefore, in a transitional state as

describe above, part of the strings of signals that are
used for the arithmetic operation for determining the av-
erage or the difference contains a flicker component
while some other part does not contain any flicker com-
ponent.
�[0223] Then, as a result, an error arises to the flicker
component that is obtained by an arithmetic operation of
determining the average or the difference to give rise to
an error in the amplitude γm and the initial phase Φmn
that are detected. As the flicker coefficient Γn (y) is com-
putationally determined from the amplitude γm and the
initial phase Φmn that contain an error, the output video
signal is adversely affected by the errors as a matter of
course.
�[0224] To alleviate this problem, the gain defining block
66 detects the transitional state, if any, of the control
mode and controls the value of the gain Ka according to
the detected transitional state.
�[0225] More specifically, when the control mode is
moved from mode A into mode B, the reliability of the
amplitude γm and the initial phase Φmn is degraded al-
ready at the time of the start of the transition. Therefore,
the gain Ka is switched from 1 to 0 immediately after the
transition to stop the flicker reducing process at the flicker
generation block 53 and the arithmetic operation block
40 or, alternatively, the gain Ka is gradually reduced to
smoothly stop the flicker reducing process at the flicker
generation block 53 and the arithmetic operation block
40.
�[0226] When, to the contrary, the control mode is
moved from mode B into mode A, the reliability of the
amplitude γm and the initial phase Φmn is still low at the
time of the start of the transition. Therefore, the system
waits until the reliability of the amplitude γm and the initial
phase Φmn becomes sufficiently high and then the gain
Ka is switched from 0 to 1 to execute the flicker reducing
process at the flicker generation block 53 and the arith-
metic operation block 40 or, alternatively, the gain Ka is
gradually increased to smoothly execute the flicker re-
ducing process at the flicker generation block 53 and the
arithmetic operation block 40.
�[0227] FIG. 21 illustrates a second specific example.
�[0228] In this instance, memory sections 71 through
74, switches 75 through 78 and a state detection block
69 are added to the arrangement of FIG. 20.
�[0229] The memory section 71 stores data on the am-
plitude γm and the memory section 72 stores data on the
initial phase Φmn, while the memory section 73 stores
the output data of the gain adjusting circuit 63 and the
memory section 74 stores the output data of the digital
LPF 62. The switches 75 through 78 respectively select
either the input data or the output data of the memory
sections 71 through 74 according to the result of detection
of the state detection block 69. The output data of the
switch 75 is supplied to the digital LPF 61 and the output
data of the switch 76 is supplied to the digital LPF 62,
while the output data of the switch 77 is input to the flicker
generation block 53 as data on the amplitude γm’ and
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the output data of the switch 78 is input to the flicker
generation block 53 as data on the initial phase Φmn’.
�[0230] The state detection block 69 receives zooming
information and camera shake information as input. The
state detection block 69 judges if a large change has
been produced in the angle of view by zooming or not
from the zooming information and by panning, tilting
and/or a camera shake of a large amplitude or not from
the camera shake information.
�[0231] Then, the state detection block 69 so judges
that there has not been produced any large change in
the angle of view, it turns the switches 75 through 78
respectively to the sides opposite to the memory sections
71 through 74. Then, the flicker reducing process is ex-
ecuted normally as in the instance of FIG. 20.
�[0232] If, on the other hand, the state detection block
69 so judges that there has been produced a large
change in the angle of view, it turns the switches 75
through 78 respectively to the sides of the memory sec-
tions 71 through 74.
�[0233] More specifically, since, in a state where there
has been produced a large change in the angle of view,
the reliability of the amplitude γm and the initial phase
Φmn has been degraded, the amplitude data and the
initial phase data obtained in the past and stored respec-
tively in the memory sections 73 and 74 are input to the
flicker generation block 53 as amplitude γm’ and initial
phase Φmn’.
�[0234] As seen from FIG. 22, since the amplitude γm
and the initial phase Φmn are stable in mode A (in a state
where flickering is taking place steadily under the lighting
of a fluorescent lamp), there arises no problem if the past
values are used. Rather, it is preferable to utilize the past
values positively.
�[0235] However, if lowly reliable data are continuously
input to the digital LPFs 61 and 62 while the angle of view
is being changed, the amplitude γm’ and the initial phase
Φmn’ will contain an error immediately after the time
when the switches 77 and 78 are turned respectively to
the sides opposite to the memory sections 73 and 74.
�[0236] To prevent such a problem from taking place,
when a large change is taking place in the angle of view,
the state detection block 69 turns not only the switches
77 and 78 respectively to the sides of the memory sec-
tions 73 and 74 but also the switches 75 and 76 respec-
tively to the sides of the memory sections 71 and 72 to
prevent the lowly reliable data from being input to the
digital LPFs 61 and 62 so that the highly reliable data
obtained before the large change of the angle of view
may be input to the digital LPFs 61 and 62 under control.
�[0237] It may alternatively be so arranged that the re-
liability of the amplitude γm and the initial phase Φmn is
judged without relying on the zooming information and
the camera shake information and the reliability of the
judgment is used as input information to the state detec-
tion block 69. Then, if the reliability level information in-
dicates that the reliability of the amplitude γm and the
initial phase Φmn is low, highly reliable data obtained in

the past are used as the switches 75 through 78 are
turned respectively to the sides of the memory sections
71 through 74 in a manner as described above.
�[0238] With any of the above-�described instances, it
is possible to realize a process that is hardly influenced
by external turbulences in a steady state of being under
the lighting of a fluorescent lamp or a non-�fluorescent
lamp and shows an excellent responsiveness and a good
follow-�up capability in a transitional period. Then, it is
also possible to smoothly and appropriately execute the
process without giving any feeling of incompatibility when
the imaging condition is transitional, when the angle of
view changes or when the reliability of the flicker detec-
tion parameters is low.
�[0239] Thus, it is possible to effectively reduce the flick-
ering of a fluorescent lamp that shows "inter-�field cyclic-
ity" by separating the image component and the flicker
component with utilizing the cyclicity of flicker stripes that
arise among fields, extracting the flicker component from
the frequency spectrum thereof, and correcting the gain
by means of the extracted flicker component.
�[0240] In the video camera 100 of this embodiment,
the system controller 14 is provided with a functional fea-
ture of determining the presence or absence of flickering
and selecting the shutter speed. Thus, it can effectively
avoid the problem of flickering by computationally deter-
mining the phase of the flicker, judging the presence or
absence of flickering from the determined phase, and
selecting an appropriate shutter speed so that the com-
bination of the broadcasting system and the geographical
area in terms of the frequency of supplied AC power is
handled comprehensively without limiting the shutter.
�[0241] More specifically, the system controller 14 of
the video camera 100 performs its control operation ac-
cording to the sequence of the flowchart illustrated in
FIG. 34.
�[0242] For the initial state, a program diagram having
priority in the shutter for detecting the flicker that flows
among images as shown in FIGS. 5A and 5B is selected.
The program diagram to be used with priority is selected
in such a way that the shutter speed is n/�120 seconds
for 60 and 30 fps and n/�100 seconds for 50 fps (n is an
integer).
�[0243] In Step S1, the controller 14 computationally
determines the phase of the flicker in the initial state by
means of the above-�described method to extract the flick-
er component.
�[0244] If there is detected flickering that shows cyclicity
(as shown in FIGS. 5A and 5B), it is possible to compu-
tationally determine the phase of the flicker in the part
for which a detecting operation is being conducted. Then,
phase information is extracted on an arbitrarily selected
line in the image and the controller 14 proceeds to the
next step, or Step S2.
�[0245] In Step S2, the controller 14 determines the
presence or absence of flicker, following the sequence
of operation illustrated in the flowchart of FIG. 35. In the
operation of determining the presence or absence of flick-
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er, the controller 14 firstly determines if the shutter speed
is equal to n/ �100 seconds or not (Step S20). Note that
the shutter speed is 1/100 seconds for 60 fps and 30 fps
and n/�120 seconds for 50 fps.
�[0246] If the answer to the question in Step S20 is NO
and hence the shutter speed is not equal to n/�100 sec-
onds, the controller 14 computes the difference of the
phase obtained in Step S 1 and the phase of the flicker
in the image preceding by an image period and deter-
mines if the phase difference is equal to α or not (Step
S21).
�[0247] If the answer to the question in Step S21 is YES
and hence the phase difference is equal to α, the con-
troller 14 so judges that there is flickering and holds the
result of judgment on the light source of being under the
lighting of a flickering light source (Step S22) before it
ends the presence/�absence of flicker judging process.
�[0248] If the answer to the question in Step S20 is YES
and hence the shutter speed is equal to n/�100 seconds,
the controller 14 holds the result of the previous judgment
on the light source (Step S23) before it ends the pres-
ence/�absence of flicker judging process.
�[0249] Additionally, if the answer to the question in
Step S21 is NO and hence the computed phase different
is not equal to α, the controller 14 simply ends the pres-
ence/�absence of flicker judging process.
�[0250] Note that the phase difference α can be deter-
mined by using the formula of power supply frequency /
image period * 2π (0 ≤α< 2π). FIG. 36 shows examples
(a), (b) and (c), which can be summarized as listed below. �

(a) 60 fps (NTSC system): power supply frequency
50 Hz → 4/3π
(b) 50 fps (PAL system): power supply frequency 60
Hz → 12/5π
(c) 30 fps (DSC etc.); power supply frequency 50 Hz
→ 2/3π

�[0251] Some phase error is allowed because of
change in the angle of view or the like.
�[0252] Then, in the next step, or Step S3, the controller
14 judges if the current environment is under the lighting
of a flickering light source or not on the basis of the result
of the presence/�absence of flicker judging process in
Step S2.
�[0253] If the answer to the question in Step S3 is YES
and hence the current environment is under the lighting
of a flickering light source, the controller 14 proceeds to
the next step, or Step S4, where it selects the program
diagram for using the shutter speed that does not give
rise to any flicker that flows among images, or the shutter
speed of n/�100 seconds, with priority. Thus, the diagram
uses n/ �100 seconds for 60 fps and 30 fps and n/�120 sec-
onds for 50 fps.
�[0254] FIGS. 37A and 37B respectively illustrate pro-
gram diagrams that respectively use the shutter speed
of n/�100 seconds and the shutter speed of n/�120 seconds
with priority.

�[0255] In the next step, or Step S5, the controller 14
determines if an appropriate exposure is obtained by the
shutter speed of n/�100 seconds or not.
�[0256] If the answer to the question in Step S5 is YES
and hence it is possible to achieve an appropriate expo-
sure that does not give rise to any flickering by that shutter
speed, the process simply ends there because no flicker
occurs. Any value may be selected for n of the shutter
speed because the influence of flicker may be negligible.
�[0257] If, on the other hand, the answer to the question
in Step S5 is NO and hence it is not possible to achieve
an appropriate exposure that does not give rise to any
flickering with any value of n by that shutter speed, the
controller 14 proceeds to the next step, or Step S6.
�[0258] In Step S6, the controller 14 determines if it is
possible to achieve an appropriate exposure with a high
shutter speed that is higher than the marginal shutter
speed for eliminating flickering or not.
�[0259] If the answer to the question in Step S6 is YES
and hence it is possible to achieve an appropriate expo-
sure with a high shutter speed, the flicker is corrected by
the above-�described technique to reduce the flicker.
�[0260] If the answer to the question in Step S3 is NO
and hence the current environment is not under the light-
ing of a flickering light source, the controller 14 proceeds
to the next step, or Step S8.
�[0261] In Step S8, the controller 14 selects the diagram
that uses with priority the shutter speed (n/ �120 seconds)
that produces a flicker flowing among images so that the
flicker may be detected with ease and ends the process.
�[0262] If the answer to the question in Step S6 is NO
and hence it is not possible to achieve an appropriate
exposure with high shutter speed, the controller 14 simply
ends the process.
�[0263] With the above-�described control operation, a
diagram that uses n/�120 seconds for 60 fps and 30 fps
with priority or n/�100 seconds for 50 fps with priority is
selected.
�[0264] With the above-�described control operation, the
degree of freedom is raised for achieving an appropriate
exposure without limiting the shutter so that the load of
appropriately removing/�alleviating the flicker by means
of the technique of Patent Document 5 (Jpn. Pat. Appln.
Laid- �Open Publication No. 2004-222228) is reduced,
while keeping the characteristic features of the technique
of the document on the combinations of cyclic flickers,
and it is possible to remove horizontal stripes due to flick-
ering within the shutter follow- �up capability for non-�cyclic
flickers.
�[0265] Thus, as described above, according to the em-
bodiment of the present invention, there is provided an
exposure control method of using a video signal obtained
by shooting a subject by means of an XY address scan-
ning type imaging element as input video signal, integrat-
ing the input video signal over not less than a horizontal
period, normalizing an integral value obtained in the in-
tegrating step or the difference value between integral
values of adjacent fields or frames, extracting flicker
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spectrum from the normalized integral value or the nor-
malized difference value, determining, based on the ex-
tracted flicker spectrum, the presence or absence of a
flicker component contained in the video signal obtained
by the imaging element and controlling an exposure val-
ue, using a program diagram for preferentially employing
a shutter speed less liable to produce flickering with pri-
ority when it is determined that the video signal contains
a flicker component.
�[0266] It is possible to determine the presence or ab-
sence of flickering for any combinations of the broadcast-
ing systems and the power supply frequencies that pro-
duces a vertically flowing flicker.
�[0267] It is also possible to prevent a flicker from being
produced by using n/�100 seconds or n/�120 seconds as
shutter speed with priority, so long as an appropriate ex-
posure can be realized according to the information on
the presence or absence of flickering.
�[0268] Even if the shutter speed is changed from n/
100 seconds or n/ �120 seconds in order to realize an ap-
propriate exposure regardless of a vertically flowing flick-
er, it is possible to reduce the flicker by estimating the
flicker component from the extracted flicker spectrum and
conducting an arithmetic operation on the estimated flick-
er component and the input video signal so as to cancel
the estimated flicker component.
�[0269] If it is not possible to realize an appropriate ex-
posure with a shutter speed of n/ �100 seconds or n/�120
seconds, it is possible to detect the flicker once again
without turning off the power supply by initializing the
program diagram regardless of any change in the angle
of view.
�[0270] While a flicker is detected and corrected by
means of the technique described in Patent Document
5 (Jpn. Pat. Appln. Laid-�Open Publication No.
2004-222228), the correction can be an erroneous cor-
rection if the flicker does not show any cyclicity after de-
tecting the flicker. However, the possibility of erroneous
correction can be suppressed by suppressing the cor-
rection coefficient.
�[0271] If it is found to be unnecessary to computing
the flicker correction coefficient by judging if a vertically
flowing flicker appears or not, the computation can be
omitted.
�[0272] The embodiment of the present invention is ap-
plicable to any image pickup apparatus including an XY
address scanning type imaging element other than a
CMOS imaging element.
�[0273] It is desirable to be understood by those skilled
in the art that various modifications, combinations, sub-
combinations and alterations may occur depending on
design requirements and other factors insofar as they
are within the scope of the appended claims or the equiv-
alents thereof.

Claims

1. An exposure control method of an image pickup ap-
paratus having an XY address scanning type imag-
ing element, the method comprising the steps of:�

integrating a video signal obtained by shooting
a subject by means of the imaging element as
input video signal over not less than a horizontal
period;
normalizing an integral value obtained in the in-
tegrating step or the difference value between
integral values of adjacent fields or frames;
extracting flicker spectrum from the normalized
integral value or the normalized difference val-
ue;
determining, based on the extracted flicker
spectrum, the presence or absence of a flicker
component contained in the video signal ob-
tained by the imaging element; and
controlling an exposure value, using a program
diagram for preferentially employing a shutter
speed less liable to produce flickering when it is
determined that the video signal contains a flick-
er component.

2. The method according to claim 1, wherein the phase
of the flicker of an arbitrarily selected line in an image
plane of the video signal is computed from a flicker
spectrum obtained one frame before and a flicker
spectrum currently obtained and the presence of
flickering is determined if the flicker component is
produced with a phase difference due to a relation
between field or frame frequency of a broadcasting
system and a power supply frequency.

3. The method according to claim 1 or 2, wherein a
program diagram adapted to preferentially use a
shutter speed of n/�120 seconds for 60 fps, n/�100
seconds for 50 fps and n/�120 seconds for 30 fps,
where n is a positive integer, is initially set according
to the frame rate of the image pickup apparatus so
long as an appropriate exposure can be realized.

4. The method according to claim 1 or 2, wherein a
program diagram adapted to preferentially use a
shutter speed of n/�100 seconds for 60 fps, n/�120
seconds for 50 fps and n/ �100 seconds for 30 fps, is
set when it is so determined that the video signal
contains any flicker component so as to produce a
flicker-�free state so long as an appropriate exposure
can be realized.

5. An exposure control apparatus of an image pickup
apparatus having an XY address scanning type im-
aging element, the apparatus comprising: �

flicker determining means for integrating a video
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signal obtained by shooting a subject by means
of the imaging element as input video signal over
not less than a horizontal period, normalizing an
integral value obtained by integrating the video
or the difference value between integral values
of adjacent fields or frames, extracting flicker
spectrum from the normalized integral value or
the normalized difference value, and determin-
ing, based on the extracted flicker spectrum, the
presence or absence of a flicker component con-
tained in the video signal obtained by the imag-
ing element; and
exposure value controlling means for controlling
an exposure value, using a program diagram for
preferentially employing a shutter speed less li-
able to produce flickering when it is determined
by the flicker determining means that the video
signal contains a flicker component.

6. The apparatus according to claim 5, wherein the
flicker determining means computes the phase of
the flicker of an arbitrarily selected line in an image
plane of the video signal from a flicker spectrum ob-
tained one frame before and a flicker spectrum cur-
rently obtained and determines the presence of flick-
ering if the flicker component is produced with a
phase difference due to a relation between field or
frame frequency of a broadcasting system and a
power supply frequency.

7. The apparatus according to claim 5 or 6, wherein the
exposure value controlling means initially sets a pro-
gram diagram adapted to preferentially use a shutter
speed of n/�120 seconds for 60 fps, n/ �100 seconds
for 50 fps and n/ �120 seconds for 30 fps, where n is
a positive integer, according to the frame rate of the
image pickup apparatus so long as an appropriate
exposure can be realized.

8. The apparatus according to claim 5 or 6, wherein,
when the flicker determining means determines that
the video signal contains any flicker component, the
exposure value controlling means set a program di-
agram adapted to preferentially use a shutter speed
of n/�100 seconds for 60 fps, n/�120 seconds for 50
fps and n/�100 seconds for 30 fps so as to produce
a flicker- �free state so long as an appropriate expo-
sure can be realized.

9. The apparatus according to any one of claims 5 to
8, further comprising:�

arithmetic operation means for estimating the
flicker component from the flicker spectrum ex-
tracted by the flicker determining means and
performing an arithmetic operation on the esti-
mated flicker component and the input video sig-
nal so as to cancel the estimated flicker compo-

nent when the flicker determining means deter-
mines that the video signal contains any flicker
component and the exposure value controlling
means is not able to set the shutter speed so as
to produce a flicker-�free state for the purpose of
realizing an appropriate exposure.

10. An image pickup apparatus comprising:�

an XY address scanning type imaging element;
and
an exposure control apparatus according to any
one of claims 5 to 9.
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